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Hoover, the Quantifier 


Addressing an engineering society some 20 years 
ago the editor expressed the opinion that the next gen- 
eration would elect to the presidency of the United 
States an engineer, for he believed that the age of the 
forensic adept was about to give way to the age of 
the engineer. Since then we have witnessed the steady 
march of the city manager form of municipal govern- 
ment, with engineers outnumbering others as city man- 
agers. Now we see an engineer most prominently 
named as the standard bearer of a great political party. 
Even if he shall not be elected to the presidency, his 
candidacy will have brought smartly to the attention 
of the American people that an engineering training is 
good preparation for the greatest of executive posi- 
tions. 

We need not tell our engineering readers that their 
profession is essentially one that deals with economic 
problems in a scientific fashion. And we need not add 
for their benefit that there is no fundamental differ- 
ence between a problem in engineering economics and 
one in political economics. But it will long remain 
necessary to tell the public these very things, for the 
public still has only a vague conception of an engineer’s 
work. 

Engineering is the systematic application of science 
to the solution of economic problems. Hence a well 
trained engineer speedily adapts himself to-an attack 
upon any sort of economic problem. Unlike the typical 
lawyer, an engineer is not engrossed in searches for 
precedents and in putting thoughts into words. To an 
engineer each obstacle presents itself less as an obstacle 
than as a problem, and that means a problem in eco- 
nomics. How can I secure the desired end with the 
least money? This is the question that rings unceas- 
ingly in his ears. Since rarely are conditions exactly 
alike, the proper answer to such a question usually 
calls for resourcefulness. It always calls for figures. 
Great precision is not always possible, but some sort 
of quantification is always possible, and indeed essen- 
tial to the proper solution of any economic problem. 
Hence the engineer is fundamentally a quantifier. 

Contrast an engineer’s definiteness with the vague- 
ness of most other professional men, and you have the 
prime reason why engineers are becoming increasingly 
prominent in executive positions. The essence of 
science is definiteness. And in the most highly de- 
veloped sciences this means quantification. 


As soon as Hoover became Secretary of Commerce 
he began to gather statistics on prices, outputs, stocks 
in hand, etc., relating to all our major industries. These 
are published monthly in a Survey of Business. To 
paraphrase an ancient saying about Nature, his mind 
“abhors a vacuum”; and where there are no statistics, 
there, for him, is a vacuum. But unlike the mere com- 
piler of statistics—the boyish gatherer of bird’s eggs— 
Hoover collects them only because they can be used as 
economic guides. One of the early results of his statis- 
tical surveys was the perception that great wastes were 
occurring in most industries because too many models, 
sizes and varieties of product were being manufactured. 
His campaign against this waste bore notable fruit, 
almost at once. 

We mention this use of statistics merely to illustrate 
the way in which an engineer’s mind works when an 
economic problem is attacked. Facts delight him more 
than fancies, yet his imagination is not fettered by 
figures. He looks beneath figures to see their signifi- 
cance; and very significant figures stir the imagina- 
tion. If you doubt it, read how Newton was led to dis- 
cover the quantitative relationship between the rate at 
which the moon departs from a tangent in traveling 
around the earth; and thus, soaring in imagination to 
the confines of space, how he made the grandest deduc- 
tion in all the history of astronomy—the law of gravita- 
tion. 

It seems probable that all qualitative differences are 
at bottom quantitative differences. At any rate physic- 
ists have found it to be true that the qualities called 
colors are merely differences in etherial wave lengths; 
and that the same holds true of the qualities called radi- 
ant heat and light. Our organs of sense are mechanisms 
by which certain quantities are automatically sorted out, 
and their effects are then registered on our brains. 
Because we do not perceive these definite quantities as 
quantities, but only as sensations, we fail to regard 
them as quantities of energy, and we call them qualities. 
Later comes the physicist and shows us that these dif- 
ferent qualities differ only in being different quanti- 
ties, different wave lengths, for example. Then if we 
are philosophic it begins to dawn upon us that perhaps 
every phenomenon in Nature’s vast array is kin to 
every other phenomenon, and that the sole difference 
between them is to be found in the number, grouping, 
paths and velocities of ultimate corpuscles that are all 
alike. 

At any rate this theory fits so many facts that, if not 
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unqualifiedly true, it is at least approximately true. 
So it gives a dignity to quantification that it sorely 
needs in a world of men who are, for the most part, 
accustomed to regard “figures” with aversion, and to 
look upon most “figurers” as being at least slightly ab- 
normal. 

Perhaps it will prove to be no exaggeration to say 
that the election of an engineer to the presidency of 
the United States will mark the real beginning of the 
age of scientific politics. 





A Plea for Adequate Rewards 


for Scientists 


The lodestone that attracts the most brains is gold. 
Sordid as this may appear, history quite clearly indi- 
cates its truth. 


When gold was most readily secured by conquest, the 
ranks of the warriors were filled with brilliant men. 
In fact, most of the ancient thrones were thus founded, 
along with the houses of the lesser rulers. 


When gold was most readily secured by skilled 
craftsmen, great numbers of bright minds flocked into 
the profession of art. Grecian art, for example, did 
not flourish so greatly because art was then adoles- 
cent, but because it paid well to be a great artist. And 
again in the pre-Victorian age when opulence became 
common, portrait painters flourished as they had never 
flourished before and have never flourished since. De 
Guerre’s invention knocked the profit out of painting; 
and profit gone, the great portrait painters disappeared. 
The camera ended their career. 


Much of the genius, as well as much of the folly, of 
the world has been assembled at Hollywood. There the 
camera has developed a new art that makes the popu- 
larity of all previous arts seem small; and coinci- 
dentally is bestowing Aladdin fortunes upon the leading 
artists and business managers alike. 


Ever since the “industrial age” was ushered in eight 
generations ago by the steam engine, manufacturing 
has offered great prospects of great profit, and has 
vastly enriched thousands of men. Consequently many 
of the ablest men of the world have gone into manu- 
facturing. It is this high order of manufacturing 
ability that accounts largely for America’s phenomenal 
prosperity. By the side of H. G. Wells’ phantasmal 
puppets that are presumed to typify the successful 
manufacturer, set real manufacturers like Rockefeller, 
Carnegie, and Ford, if you wish to see some of the 
reasons why America is great. 


True it is that our greatest manufacturers have al- 
ways leaned heavily upon the shoulders of inventors and 
engineers, and they, in turn, upon the shoulders of 
pure scientists. True, also, that the last named have 
commonly been so ill rewarded that our whole thesis 
seems to be belied by that fact. But fame to some 
men is a reward more prized than wealth. It was 
fame that drew Newton and Faraday and Einstein into 
the ranks of the scientists. But for every such genius 
so drawn, probably a hundred men of equal mental 
power and assiduity have been drawn into the manage- 
ment of manufacturing enterprises, for to the great ma- 
jority of men, income still takes precedence over lauda- 
tion, and a mansion is preferred to a mausoleum. 


If so, our plea to such men becomes a plea for better 
financial rewards to the men of pure and applied sci- 
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ence. An enlightened self-interest should teach the 
wealthy manufacturer that greater income for the orig- 
inal men of science and engineering will result in a 
more eager thronging of their ranks by the geniuses of 
the world, and this, in turn, will multiply the profits 
and the power of the executive geniuses who employ 
them. 


There is evidence that this thought is taking hold of 
great executives here and there. It is seen first, in the 
fact that about 1,000 research laboratories are now 
maintained by American manufacturing companies, and, 
second, in the fact that here and there an employee in 
these laboratories emerges with a fistful of gold. Still 
the path to a general acknowledgment of the wisdom 
of rich pay for researchers is merely a vague trail 
through the woods of ignorance, its direction blazed 
now and again on some tree, but only followed by the 
keenest eye. No highway yet exists that can be truly 
called The Highway of Payment in Proportion to Per- 


Handy Reference Work 


The ROAD AND STREET CATALOG AND DATA BOOK is 
efficiently filling the need of the active engineer, pub- 
lic official and contractor in the highway industry for 
information on the latest practice, for cost and engi- 
neering data, for comprehensive descriptions of the 
latest in labor saving equipment, and for information 
on materials and supplies in use in this $1,500,000,000 
industry. 


That accounts for the fact that this valuable refer- 
ence work is commonly kept right at hand on the desk 
for the “necessary information sought for each day 
by road men.” Hundreds of reports prove that the 
most active men in the field are appropriating the great 
service benefits afforded by the ROAD AND STREET CATA- 
LOG AND DATA BOOK. 





One enthusiastic letter gives the details of the larg- 
est contract ever made by the State of West Virginia 
for a particular road material, and which sale the 
writer was enabled to effect through an authoritative 
table given in the Data Section. This table, the officials 
said, proved his claims and an order resulted. 


Public officials report: “We have found this refer- 
ence work to be of vital importance in our work,” and 
Charles Upham, Business Manager of the American 
Road Builders’ Association, says: “There has been a 
need for such a catalog where one could find all road 
equipments in one issue, and I want to say that I think 
you have supplied the need most admirably.” 


Occasionally it is possible that one of these books 
fails to render the efficient service for which it is so 
well prepared to give because through some oversight 
it has not been examined and the owner remains un- 
acquainted with its stores of valuable data he might 
so easily acquire the benefit of. 


If any active road man happens not to be enjoying 
the great benefits of this handy reference work he 
should make application for a copy while it can be 
supplied. 
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Badly Needed Drives Built on Made Land 
in New Park Project 


Through Traffic Boulevard and Park As 
Part of City Plan of Chicago Under Way 


HE Chicago South Parks Commis- 
fp are at present involved in 
an enormous project that will afford 
two new high speed traffic arteries that 
will connect the south side with the 
north side, and that will connect with 
a similar plan now being advanced 
in their own territory by the Lincoln 
Park Commissioners on the north 
side. The work being done on the 
south side is a part of the com- 
prehensive City Plan that has been 
evolved by D. H. Burnham, the famous 
city planner and architect, with the co- 
operation of other planners, and it pro- 
vides badly needed traffic arteries along 
the shore of Lake Michigan that will 
permit through traffic to be expedited 
by means of a routing that will not 
involve passage through the congested 
downtown business section. Not only 
does the plan include splendid through 
streets of scenic as well as practical 
value, but it includes as well the de- 
velopment of miles of park, bathing 


beaches, and other recreational facili- 
ies along a shore line that previously 
was partly devoted to railroad tracks. 


This project was made possible by 
means of a very extensive program of 
making land by a combination of meth- 
ods, thus moving the lake shore out- 
ward and providing grounds that would 
not otherwise have been available with- 
out expensive condemnation of valuable 
property. 


Extent of Work.—The project in the 
jurisdiction of the South Park Com- 
mission, that involving the work 
south of Randolph Street and extend- 
ing to. Jackson Park and including 
Grant Park, involves a total fill of 
1,100 acres over a length of about 6% 
miles. It provides a strip of made 
land along the shore 300 to 500 ft. 
wide, then a series of lagoons 400 to 500 
ft. wide, and on the outer side of these 
lagoons a series of islands running 
from 400 to 2,000 ft. wide. The total 


fill will aggregate about 50,000,000 cu. 
yds. by the time the work is completed. 
Channels will be left between the 
islands, four channels in all, and these 
will be spaced about one each mile. 
These channels are intended to provide 
access to the lagoons as harbors of 
refuge and yacht harbors and to pro- 
vide free circulation of water between 
these lagoons and Lake Michigan. A 
wide drive will be built along the in- 
ner strip and another through the 
chain of islands, the latter crossing 
from island to island by means of 
bridges spanning the channels, and the 
drives interconnected at half-mile in- 
tervals by bridges spanning the la- 
goons. At the same points, viaducts 
will be built spanning the tracks of the 
Illinois Central Railroad that runs 
along the old shore to connect with 
existing city streets: The inner and 
outer drives will converge at the Field 
Museum in Grant Park and on the 
southern end of the project. Grade 
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(Chicago Aerial Surveys) 
Aerial View of Fill South of Grant Park Showing New Island, Bulkheading, Completed Fill, and Progress on Roadway 
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Scow Fill Being Made Behind Bulkhead, and Dipper and Clamshell Dredges Keeping Channel Open 


separations will be made at all inter- 
sections in order that no line of traffic 
will cross another on the same level 
and provisions will be made for pedes- 
trians as well. 


The inner drive, known as Lief Eriecs- 
son Drive, located on the shore strip 
that will be known as Burnham Park, 
is to be 70 ft. wide. This drive is now 
in use from Grant Park to 23rd Street, 
and is under construction from 23rd 
Street south, and will be advanced as 
the fill is completed. Since the pave- 
ment is to be placed on new fill, these 
drives are being constructed of asphal- 
tic macadam with rock asphalt surface. 


Structures.—ror the most part the 
bridges and viaducts will be built of 
structural steel, of the girder type, en- 
cased in concrete, resting on concrete 
piers and abutments, but some of the 
shorter spans may be built of reinforced 
concrete. A total of 28 bridges and 
two subways have been planned. 


Underground Work.—The necessary 
underground services are being in- 
stalled as the work progresses, such as 
storm sewers, water mains, sanitary 
sewers, electric conduits, ete. The san- 
itary sewers will be carried across the 
railroad and drain into the city sys- 
tem interceptors, while the storm sew- 
ers will outlet into the lake. The fill 
will be covered with black dirt to a 
thickness of at least 10 in., while at 
the point where trees and shrubbery 
will be planted the depth of the black 
dirt will be 18 in. or more. This black 
dirt is to be shipped to Chicago by rail 
and hauled to the park by motor truck. 
Separate contracts will be let for plant- 
ing and for sidewalks, ete. 


Letting the Work..—This work to cost 
about $100,000,000 in all, was started in 
the fall of 1920, and is progressing as 
rapidly each year as funds permit. The 
work is being let in sections of varying 
length and yardage, in each case to the 
contractors who were able to make the 
best bids or combination of bids for 
that section. In this way fill methods 
vary with the section, with only one con- 
tractor involved in some cases and with 





several involved in others, each with his 
own method of filling. For the past two 
or three years the filling has progressed 
at the rate of 2 or 3 million cu. yds. a 
year, and to date the project is about 25 
per cent completed after an expenditure 
of about $21,000,000. 


Bulkheading.—The first step in the 
progress of the work is the construction 
of the bulkheads that will act as break- 
waters or seawalls and that will retain 
the fill. A triangulation net was first 
laid out from the shore, range piles 
driven, and soundings made. These 
range piles not only gave a guide for 
further bulkheading operations, but 
gave a measure of the pile lengths nec- 
essary to complete the job according to 
the specifications. During this stage 
of the operations it was found that 50 
ft. piles were required at the north 
end, while the shortest that were needed 
were 35 ft. Specifications called for 
piles of mixed hardwoods, including 
cypress, with 12-in. butt and 6-in. point, 
driven to grade in about 20 ft. of 
ground, thus requiring good penetra- 
tion into clay. The piles were driven to 5 
ft. above the water line, the waterline 
being approximately datum. 


The bulkheads were constructed of 
double rows of piles close driven, except 
where sheet piling was used, with tim- 
ber walers on the inner row and steel 
channel walers on the outer or water 
side of the bulkhead, with bolted tie 
rods tying the the two rows together 
at the walers, and the space between 
the piles filled with stone. In some 
cases Wakefield sheet piling was used, 
sometimes on the water side of the 
bulkhead, sometimes in between the pil- 
ing, but for the most part on the fill 
side, with the adjacent piling spaced 
on 2-ft. centers, and with the tie rods 
running through the sheet piling as well 
as through piles and walers. The steel 
channel walers, of 18 in., 16 Ib. per ft. 
steel channel in 30-ft. lengths, were 
used on the water side since they have 
been found to be more resistant to ice 
action and damage from boats than 
timber walers. These were turned flat 
side to the piling and the ends spliced 





with splice plates as are railroad rails. 
These channel walers were found to 
conform to curves as well as to tan- 
gents with but little manipulation. 
Timber walers on the inside were of 
two 6 by 12 timbers with the 12-in. 
dimensions vertical, and so laid in a 
staggered position that they made a 
build-up continuous 12 by 12 waler. 
On the rock sides of the piling a single 
row of 6 by 12-in. walers was used. 
Each pile was bolted to the waler, and 
tie rods running through the entire as- 
sembly were spaced on 4-ft. centers. 
Each bolt or tie rod was equipped with 
nut and washer on each end. 


The rock fill used was quarry run 
waste limestone in sizes up to 1 ton and 
graded so as to make a compact fill, 
while a top dressing of cover stone was 
used to finish off the work, made up of 
specially selected stone of a minimum 
weight of 1 ton. Even this large stone 
has frequently been dislodged and 
moved a hundred feet or so by wave 
action, so the size of this rock, particu- 
larly of the cover stone, is of real im- 
portance. 


Where the ground is soft or where 
for any other reason additional strength 
is needed, riprap is deposited against 
the bulkheading. This riprap is com- 
posed of limestone in the same sizes 
as the core rock, with coverstone of 
the larger blocks already described. 


First Fill.—The work of building up 
the fill proceeds essentially in four 
lifts. First somes the general fill that 
brings the fill to just above the water 
level. On top of this comes the em- 
bankment fill, which is followed by any 
additional fill required for the road- 
ways. The final fill consists of the 
laye of black dirt required for the 
planting scheme. While this latter 
work is done entirely separately, some- 
contracts have been let on the basis of 
the same equipment being used to make 
the first three fills in one operation, 
while others have been let on the basis 
of one contractor doing. the first, an- 
other contractor doing the second by 
other methods, while the roadway may 
or may not be built up as a third op- 
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eration. The first fill can be made in 
three different ways, and all three are 
being used, while the second and third 
fills can be and are being done by two 
different methods. 

Dredge Work.—As soon as the bulk- 
heads had been constructed, the work 
of bringing the land up to datum was 
begun. Here a combination of meth- 
ods was used. Scows of spoil from 
buildings and other excavations were 
hauled in and dumped where required 
until draft needed for this mode of 
transportation was no longer available. 
A large dipper dredge and a clamshell 
dredge were used to keep channels 
open and to rehandle the material thus 
dumped, by cut and cast, in order to 
build the materiel up to about datum. 


Hydraulic Dredges.—On the north 
end, where the bottom was found to 
be of clay, ladder dredges (suction 
dredges) were used in conjunction with 
a pipe line to make tue same sort of 
fill. To the south, where the bottom 
was found to be a shallow cover over 
rock, and with two reefs actually 
breaking the surface, the use of ladder 
dredges was not feasible, and while 
the dumping of spoil from barges could 
still be counted upon for a part of the 
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fill, a third method had to be resorted 
to. This method, useful over the entire 
length of the job where contracts had 
been awarded on that basis, consisted of 
picking up a load of sand in a sand 
boat about 14 miles from the job, trans- 
porting this sand in the sandboat to the 
job, and then discharging the load 
from the hold to the fill through a pipe 
line. A great deal of the fill has been 
made in this manner. 

Embankment Fill.—The next lift, 
that of general grading above the water 
level, is being done by the sandboats, 
and this method is being supplemented 
by dumping from motor trucks, which 
obtain their material from building 
and other excavations throughout the 
city. While the usual practice with 
sandboats does not include the building 
up of roadway embankments, high 
banks, etc., one of the sandboat con- 
tractors has patents covering such fills, 
and his methods are being used on the 
portions of the work being done by his 
concern. This contractor, the Construc- 
tion Materials Company, by means of 
high pipe lines, clay or sand and can- 
vas dykes, and drains, is able to build 
up to any level encountered on this 
job, and to build up a fill that con- 
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forms to any ordinary area, roughing 
out any landscape or roadway fills to 
line and grade at a reasonable cost. 
Two of his sandboats, both of large 
capacity, are being used on this work. 
Similar boats are being used by other 
contractors on other sections of the 
work. 

Roadway Fill.—Final preparations 
for the roadways is made by building 
up a clay sub-grade by hauling in clay 
on motor trucks from various excava- 
tions throughout the city. This fill is 
of course well compacted by the trucks 
as they drive over it, but a rolling is 
also specified, using a 10-ton roller. 
Besides this type of subgrade, ordi- 
narily fill is secured in the same way 
at the rate of about 10 acres a year. 
some subgrade is built up by the sand- 
boats. 

Underground Work.—Prior to pav- 
ing, all underground work is done under 
separate contract, using ordinary meth- 
ods. Since this involves only trench- 
ing with an ordinary trenching ma- 
chine, -laying the pipe and conduits 
in the established manner, and back- 
filling with backfiller, no further de- 
scription of this work needs be made 
at this time. 

















View of Work North of Jackson Park Showing Progress on Inner Drive 


(Chicago Aerial Surveys) 
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Trucks Making Fill for Inner Drive, as Seen From the Lake 


Paving.—As soon as the roadway fills 
are completed and fully compacted, 
usually allowed to season for a year, 
the paving operations are begun. Here 
the subgrade must be finished and a 
macadam or concrete base be laid for 


resented by Linn White, chief engineer, 
and John P. Ball, resident engineer, by 
a number of contractors. Bulkheading 
was done by the Great Lakes Dredge 
& Dock Company, and this same firm 
are utilizing scow fill and operate hy- 

















Underground Work in Progress With Trencher at Work 


the sheet asphalt pavement. No paving 
was under way at the time this article 
was written, so the methods used on 
this part of the work cannot very well 
be described. 

Summary.—This work is being done 
for the South Park Commissioners, rep- 


draulic dredges, dipper dredges, and 
floating cranes. Their work is done 
under the active direction of Capt. Wm. 
Murphy, who is assisted by Carl Nel- 
son, superintendent, and Robert 
Ketchum, assistant superintendent. 
Sandboat equipment is operated by 




















Inner Face of Bulkhead With Sheet Piling. The Large Vessel Is a Sand Boat Making Fill 
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three firms, each using two boats. 
These are the Central Dredging Com- 
pany, operating the “Bay View” and 
the “Chicago”; Construction Materials 
Company, operating the “Sandcraft” 
and the “Sandmaster”; and the Illinois 
Ship and Dredge Company, operating 
the “Brazil” and the “Nassau.” The 
Great Lakes Dredge & Dock Co., op- 
erates the “New Jersey,” a 30-in., 
4,000 h.p. Diesel electric hydraulic 
dredge; the “New York” and the “Tlli- 
nois,” two steam driven hydraulic 
dredges; the “No. 21,” an 8-yd. dipper 
dredge; the “No. 48,” a 7-yd. dipper 
dredge; and other floating equipment. 
Contracts are let in sections on the 
basis of the best bids for all work or 
parts of work in that section, account- 
ing for the variety of methods used. 





Stock Salt Used to Melt Ice 
Surface 


On the Pacific Highway in the vicin- 
ity of Weed, Calif., difficulties are en- 
countered by the freezing of snow and 
the formation of ice on the concrete 
pavement. This is particularly true on 
curves, especially where occurring on 
maximum grades. 

This condition, in part, is overcome, 
in so far as slipperiness is concerned, 
and the road rendered reasonably safe 
for travel, by a thorough sanding of the 
surface. Under this method there is a 
tendency to build up the ice sheet and 
prolong the hazard to the public, as 
well as materially increasing mainte- 
nance costs, due to purchase of mate- 
rials and their daily application. In an 
endeavor to overcome delay, to reduce 
costs, and render better service to the 
public, various substances and methods 
have been tried in the past on the ice 
sheets. The results indicate that the 
application of approximately 50 lb. of 
stock salt to 400 lin. ft. of 18-ft. pave- 
ment, evenly broadcast by hand, will so 
decompose an ice sheet two to three 
inches in thickness, that in the course 
of four or. five hours it can be removed 
by means of a towing grader powered 
by a 30-h. p. tractor. 

The use of salt is not advanced as a 
cure-all for ice conditions. Its use, 
however, is justified at times, especially 
when melting is delayed, or where 
grades or curvature make it imperative 
to remedy the condition at once, and 
where sanding is either not economical 
or ineffective. For the treatment of 
the block ice or thin glaze, sanding by 
means of hand shoveling or spreader 
trucks is the most effective.—California 
Highways and Public Works. 





Iowa Awards $796,562 of Highway 
Contracts —On March 27 the State 
Highway Commission of Iowa awarded 
contracts for 21 miles of hard paving, 
nearly 30 miles of grading, and con- 
struction of 91 bridges and culverts. 
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Eliminating One Theory as to the Cause of 
Hair Checking in Concrete Road Slabs 


Lack of Moisture Not Pri- 
mary Cause of Checking 


BEN H. PETTY and H. E. FILLINGER 


Assistant Professor of Highway Engineering, Purdue University; Project Engineer, Indiana 
State Highway Commission 


NE of the most baffling phenom- 

enon connected with concrete read 
paving is that of hair checking or 
“crazing” on the surface of the slab. 
Inquiries sent to such organizations as 
the Bureau of Standards, Bureau of 
Public Roads, Highway Research Coun- 
cil, Portland Cement Association and 
other similar sources of authoritative 
information have disclosed the fact that 
information regarding causes of hair 
checking in concrete slabs is very lim- 
ited. 

This article presents the results of 
an investigation undertaken as a basis 
for a graduate thesis during the sum- 
mer of 1926. Observations of hair 
checking were made in Indiana on a 
section of U. S. Road No. 41 from North 
Terre Haute to Lyford, a distance of 
approximately eight miles. Paving was 
started May 6th and ended Aug. 7th. 
The data for this thesis covers the 
period from May 18th to the end of the 
paving period. 

The road was built under the stand- 
ard specifications of the Indiana State 
Highway Commission using a 1:2:3 mix 
with a maximum slump of 2 in. 

The coarse aggregate was a washed 
gravel and the fine aggregate was 
washed sand from the same source. A 
standard brand of cement was used 
which passed all tests required by the 
U. S. Bureau of Standard’s Circular 
No. 33. These tests were made at the 
Indianapolis laboratory of the Indiana 
State Highway Commission. 


A Lakewood finisher with tamper at- 
tached, tamped and finished the con- 
crete. The second belting was done by 
a hand operated belt machine which 
followed at a required distance behind 
the finishers. The pavement was 
straight-edged ahead of the final belter 
and at all places where a % in. varia- 
tion under a 10 ft. straight edge was 
evident, corrections were made by 
means of long handled floats. 


The curing consisted of covering the 
slab with straw the morning after the 
pavement was laid, then sprinkling it 
for 14 days. The straw remained in 
place until the slab was 21 days old, 
at which time the road was opened for 
light local traffic to provide an outlet 
for farmers. 

Securing the Data.—Some of the data 
was taken under great difficulties. The 
usual duties of a project engineer pre- 
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Fig. 1—The Hygrometer 


sent a full program and this investi- 
gation had to be worked in extra. 
Having an experienced and interested 
inspector on the mixer was a great 
help, for he was fully capable of ob- 
serving conditions and making the nec- 
essary notations when the period of 
hair checking started. By the time the 
preject engineer had arrived on receipt 
of the inspector’s note, the latter 
usually had the area plotted, was ap- 
plying the preventatives prescribed and 
noting the reactions. The contractor’s 
bookkeeper was also a valuable assist- 
ant in taking readings at the plant when 
it was necessary for the project engi- 
neer to be away setting stakes or per- 
forming other engineering duties. 


Readings were taken from the hy- 
grometer the first thing in the morn- 
ing and repeated at two hour intervals, 


or less in case of change of atmospheric 
conditions. Upon the appearance of 
cracks, the bookkeeper was notified by 
the inspector and readings were then 
taken every half hour or hour, depend- 
ing on the change of the atmospheric 
relative humidity. These readings on 
the wet and dry thermometers were 
entered on specially prepared forms. 
The relative humidity referred to in 
this experiment is the percentage of 
moisture in the air, using a saturated 
atmosphere as 100. 


The hygrometer used was a form 
known as “Mason’s” hygrometer (Fig. 
1), consisting of two mercury thermom- 
eters, one of which was used as a dry 
bulb thermometer and the other a wet 
bulb kept moist by a wick and a bottle 
of distilled water. The wet bulb was 
fanned vigorously for approximately a 
minute before the reading was taken 
to insure a correct reading. 


The aneroid barometer was a sur- 
veying barometer reading to 1.0 ft. of 
altitude and to 0.2 in. of mercury. 

The testing department of the high- 
way commission requires a weekly re- 
port of material tests on aggregates as 
well as a report on slump tests. These 
tests are generally made on Saturday 
in order that the gravel producing com- 
panies can make the necessary changes 
in their plant on Sunday and not hold 
up the production. The material on 
this job ran very uniformly and only 
slight changes were necessary. 

By the aid of extra screens, it was 
possible to obtain the fineness modulus 
of the sand for each week’s supply. 

The temperatures on dry bulb read- 
ings were tabulated for each day on 
which pavement was laid. The relative 
humidity was recorded for the same 
period as shown by the dry bulb read- 
ings and computed from the difference 
between the wet and dry bulb readings 
by specially prepared tables of the U. S. 
Weather Bureau. 

Results and Conclusions.—The steadi- 
ness of the temperature during the day 
is contrasted with the fluctuations of 
the relative humidity in Fig. 2. These 
graphs indicate no direct relation be- 
tween the two. This is actually true, as 
the air can be saturated with moisture 
at most any temperature between the 
freezing and vaporizing points. 

The theory which seems to prevail 
in the minds of most engineers is that 
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hair checking occurs when moisture is 
being absorbed rapidly by the atmos- 
phere causing the surface of the slab 
to dry out and contract more rapidly 
than the material just under the sur- 
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would always have hair checking when 
the relative humidity dropped below a 
certain point, say 30 or 35 per cent 
saturation. Fig. 3 shows the relative 
humidity on days when hair checking 





face. If this theory were true, we was in evidence, plotted against the 
Vumber of keadngs Taker 
247 o 7 g_: YF g ¢ ad 4 “ [ae ee ae 





+--+ 
. . 

AVERAGE RELATIVE HeMMDITY fz 
—_—s 


| | | | | | 

ow t—++++ 4+ 4 ——+—-++—_}+— 
O1TED AGAINST AWERAGE TEMPERATURE | 
= — 


TT * 


ee oe oe t —+ as 





79 20 C WR : / 
AM 
Fig. 2—Temperature During Day 


a: 
6307 7H g 


Ture 


2 2H: 


of Avadras 


Contrasted with Fluctuations 


7 2 2M IFW 706 II 6 
Pu 


of Relative Humidity 


































































































G0 
ae 
A 
0) 
" y 
—- 40 5 
g 
Y 
Lt . d 
N 
BBzZ 
a SB ? t t : -+ --4+- La 0 
AMMDITY QW Wve WHICH Hl CRACKS OCCUPWED LOrréD WITH 
‘= an + 4 + + +—_—+ + +——_++- 2 EE ES Ee SUN Se —}-—— -— 
THE AVERAGE READING 
\ A A | 4 A A A i SS ee eee ee = vata 
OR 7 JR ESRI PRA CR | “UK fl? MFO / (FM ZR ZIAIH 4 4H SD ZRE 
AM Tare of Keadrge PM 
Fig. 3—Relative Humidity and Average Relative Humidity 
AM WWE GF READING PM 
OX "JO § BRO DORM HF MAR 290 4/90 2 2RZFZV4 GH ZIR OC 
— 7 T - T ; Ls — - m. =< kr 7 
a) i + + + + + + oT +—__—_4+_+_ TN sipaie a = | —7O 
| | | 
} 4 — + + + + ++ + Zi + + + + +—— 
_ | | | | WA | } 
ar + fn —+—— + +++} +—+—_4¥--_+ 4. 4 Ha? 
~~ i | \ | 
> ~ > _ + + ’ -— Zr << og > 
CREE 7 eS, 
os ws 
~~ _» a4 . v 
+ + + + — a + —— + + =p — + + + + + + + N 
i ey ~~ | ot | . 
“>. : | j Ry) 
#7>—-+ t t t —p~<—t = a —— = a | +——+——-+—__+—__++—-++—149 v 
imo + Y 
r x 
N 
N 


wy 


+ —+— +- 





aaa 
| | 
0 od - 


| 

r AELATIVE Hi 
| MGAINGT THE LOWEST 
- 


= 
+ 





: aaa es ——- 
EEE 


LDUYIV ON DAS WHEN HA CRACKING OCOURREO sates 
AMIIT YY FOR EACH HALF) HOUR FO SHOW 7797 A lOWER | 


= in 

















MMVI) MOS TLPERMENCED STM LURE SEASON TRA GW ANY ZY WEN CHAENING 


L 4 A 4 i 4 1 


WEIS IN EVIDENCE 
seco “Mtn hee . ts 


Fig. 4—Relative Humidity Compared with Lowest Humidity 


ae ae Ee ee ee eS ee 


Kelative /urridity 


May 


average relative humidity for the whole 
period from May until August. This 
graph shows only two days, when hair 
checking took place, on which the 
humidity plotted below the average for 
that entire period. 


On the other hand, if we plotted the 
lowest readings taken at each period 
during the summer when no hair check- 
ing was in evidence, we could construct 
a line below the lowest one on which 
hair checking occurred. This proves 
that there were periods when the rela- 
tive humidity was much lower than at 
any time when checks appeared. The 
graphs showing this important feature 
are exhibited as Fig. 4. 


The hair checking was not confined to 
any particular part of the surface. 
Generally it did not extend over the sur- 
face more than 200 or 300 lin. ft. The 
hair checks that occurred in number 
were plotted on specially prepared 
charts. These show the station num- 
bers of the checks and the half day on 
which the concrete was placed, as well 
as the length of time after being placed 
before checking appeared. The slump 
test and condition of the subgrade were 
also noted to make the record more 
complete. 


The fineness modulus of the sand 
shown in Fig. 5 indicates that the ma- 
terial varied- about an equal amount 
each side of the average, making a dif- 
ference between the fine and coarse 
grades of about 27 points in the most 
extreme case. 


The data indicate that hair checking 
occurred under average ordinary con- 
ditions of summer weather in a sea- 
son which, according to the weather 
bureau, had a rather high humidity. 
In one case, at the instant checks ap- 
peared, the entire surface was flooded 
with a film of water and pavement too 
“green” to stand the pressure of the 
sprinkling water was covered with a 
layer of very wet burlap. This did not 
seem to stop or even retard the rapid- 
ity with which the checks opened up 
on the surface. Nor did they close, but 
remained open until the inspector had 
them filled with neat cement the next 
day. This apparently proved that lack 
of moisture was not the primary cause 
of the checking, else none would have 
occurred on the surface of the “green” 
pavement under the wet burlap. Check- 
ing sometimes occurred the following 
morning after the concrete had been 
poured, indicating further that the 
cause was something other than the 
lack of moisture on tiie surface. 


Suggested Future Investigations.— 
The curve shown in Fig. 5 is too in- 
complete to have a bearing on the the- 
ory that the fineness modulus of the 
aggregate affects hair checking. This 
theory should be investigated further. 
It is almost impossible to vary the 
fineness modulus in the field during ac- 
tual work. Such tests would have to 
be handled on a laboratory basis. Bins 
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of materials with different fineness 
moduli would have to be constructed, 
mixes pushed to extremes to create the 
desired situations and corrective meas- 
ures applied by changing the mix until 
the most satisfactory condition was ob- 
tained. No doubt this shifting of ma- 
terials would place the concrete outside 
the bounds of a workable mix and other 
conditions would then enter into the 
work that would complicate the causes 
and results. 

Another investigation that should be 
carried along with the above is the de- 
termination of the surface modulus of 
the “green” concrete. It would be pos- 
sible to determine the difference and 
rate of change of the surface modulus 
with the change of the fineness modulus. 

The Bureau of Standards has sug- 
gested that possibly a difference in vari- 
ous brands of cement might make hair 
checking more apparent. There is 
some opposition to this contention, as 
Indiana purchases cement from all mills 
in the state and yet we have hair checks 
in practically every job. However, 
there may be some difference in chem- 
ical composition of various batches or 
bags of cement in a shipment that 
would cause them to take their final set 
much quicker than the standard grade. 
Since the cement is always in the pave- 
ment before the checks appear, a sam- 
ple for investigation would have to be 
held from each batch and the location 
of each batch charted. On a field job 
this would be impractical as it would 
mean over two thousand samples a day 
with only a slight chance of getting a 
hair check. 


Any of the above experiments would 
have to be carried on in the laboratory 
or if performed in the field would re- 
quire much more apparatus than is 
usually available and would have to be 
in charge of a special corps rather than 
in conjunction with the usual duties of 
a project engineer. 

However, there is a line of investiga- 
tion that should be carried out in the 
field which is possible without much in- 
convenience and added equipment, 
namely, the moisture content of vari- 
ous materials. Material of all moisture 
contents from the dryest source in the 
stock pile to the material taken from a 
car after a rain would give a wide 
range of values. When this field has 
been investigated and cleared up, the 
bulk of further investigations will fall 
directly in the laboratory along chem- 
ical rather than physical lines. 
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A Call for Bids in 1827 


The following is an official advertise- 
ment for bids for constructing a sec- 
tion of a road from Detroit, Mich., to 
Chicago, Ill. This official notice was 
printed in the Detroit Gazette in 1827, 
over 101 years ago: 





Public Notice 


Is hereby given, that in order to carry into 
effect the act of Congress, providing for laying 
out and making a road from Detroit to Chi- 
cago, the construction of the different sub- 
divisions of the road, laid out by the commis- 
sioners under that act, beginning at the first 
% mile post on the south side of the River 
Rouge, near Ten Eyck’s Bridge (so-called), and 
extending to the first 144 mile post south of the 
Willow Run (so-called), will be offered at public 
sale, to the lowest bidder, at the Council House 
in Detroit, at 11 o’clock, A. M., on Tuesday, the 
5th day of June next, and at Ypsilanti, in the 
county of Washtenaw, on Friday, the 8th day of 
June next, at 11 o’clock A. M., in such propor- 
tions at each place, as by the superintendent may 
be deemed expedient. This section of the road 
presenting the most formidable obstacles, it is 
thought best to finish it in the most complete 
and permanent manner, and to appropriate to 
this object such a portion of the general fund 
as will effect it. When this amount is ascer- 
tained, the remainder will be equitably propor- 
tioned among the other parts of the road. 


Every quarter of a mile, as the same has been 
laid off by the commissioners, will be offered 
separately. One approved security will be re- 
quired for the faithful performance of each con- 
tract. The whole work must be completed on 
or before the 15th day of May, 1828, and will 
be reviewed on that day. 


When the person appointed to inspect the 
work, shall decide that one-half of it is com- 
pleted, then one-fourth of the consideration 
money will be paid. And in like manner, an- 
other fourth will be paid when three-fourths of 
the jobs are finished. When the same person 
shall decide that the work has been fully com- 
pleted then the residue of the money shall be 
paid, with the exception of fifteen per cent, upon 
the whole amount; which will not be paid until 
the inspection and acceptance of the road, imme- 
diately preceding or upon the 15th day of May, 
1828, at which time every part of the road must 
be in perfect repair. 


The whole progress of the work will be di- 
rected and inspected by the person appointed, or 
by such other as may hereafter be appointed 
under the direction of the War Department, for 
that purpose; and it must be completed to the 
entire satisfaction of such agent or superintend- 
ent. And it is to be distinctly understood, that 
every part of the work must be finished in the 
best manner, and that no job will be accepted, 
until it is completed strictly according to the 
contract. 


Information will be given to all persons who 
may apply, regarding the mode of construction 
of the different parts of the road, as soon as a 
sufficient examination can be made of it, and in 
time to enable persons to form an estimate of 
the value of the work. 


Separate contracts will be entered into, for 
building Bridges over the Huron and Saline, 
provided, that after the sales of such parts of 
the Road as are before designated, there should 
remain funds sufficient. These Bridges must be 
built in the best and most substantial manner, 
and a plan will be required of each contractor, 
showing the mode in which he proposes to build 
them. 

Contracts will in like manner be entered into 
for the building of other Bridges (if necessary), 
of which information will be given to all per- 
sons who apply as soon as the Road is 


examined, and it can be ascertained where and 
how they ought to be built. These contracts for 
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Fig. 5—Finenegs Modulus of Sand 
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Bridges will be offered at the days and places 
before designated. 

After the foregoing sale shall have been made, 
should there still remain funds applicable to the 


object, such other parts of the road will be sold 
at auction, as the Superintendent may direct. 
The right will be reserved to the United States, 
of adjourning the sale at any time, should the 
person superintending it, believe that the prices 
which may be required for the work, are more 
than the public interest would justify him in 


allowing. 
MUSGROVE EVANS, 
Superintendent. 
Detroit, May 2, 1827. 





New Spark Control for 
Climax Engines 


The Climax Engineering Company of 
Clinton, Iowa, has perfected and now 
offers for sale, on its heavy duty indus- 
trial engines, a new Automatic Spark 
Control. 

This device operates on an entirely 
different principle than the conventional 
centrifugal governor type so common 
in automotive practice. The new spark 
control operates from the suction in 
the intake manifold. As the variation 
in pressure in the intake manifold ‘is 
proportional to the load imposed upon 
the engine, the ignition is always timed 
correctly, no matter how the power 
varies on intermittent loads, accordin 
to the manufacturers. : 


By timing the spark automatically, 
this new device does what operators 
could not possibly do by hand. 

There is little loss of power and the 
fuel consumption decreases to a point 
where a saving of 10 per cent on fuel 
is attained on intermittent loads, such 
as are encountered in earth moving 
machinery, locomotives and _ similar 
classes of equipment, it is claimed. It 
will reduce spark knocks and reduce 
wear on bearings. 


The Automatic Spark Control can be 
quickly installed in the field on any 
model Climax engine. The small addi- 
tional cost of installation is offset in a 
few months by the saving it affords in 
fuel consumption, the manufacturers 
say. This new spark control can be 
applied by Climax Service Stations. 


This is one of the many new exclu- 
sive features that the Climax Engineer- 
ing Company is incorporating on its 
engines to meet the present day need 
for modern and up-to-date power 
equipment. A letter addressed to the 
Climax Engineering Company, Clinton, 
Iowa, will bring complete information. 





Motor Highway Proposed in Spain.— 
M. L. Spofford, U. S. Consul at Madrid, 
reports that Spain proposes to construct 
a motor highway, to connect Madrid 
with the French frontier at Irun, the 
cost of which is estimated at 240,000,000 
pesetas, or 600,000 per kilometer, and 
its completion within four years is 
promised. A few months ago it was 
formally promised for the end of 1928. 
Work has not yet been commenced. (1 
peseta equals $.1690.) 
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Snow Removal at 
Toronto 
Methods Described in Paper Before 


International Association of 
Street Sanitation Officials 


By GEO. W. DIES 


Street Commissioner, Toronto, Ont. 


ORONTO’S climatic conditions are 

similar to those of the majority of 
cities in New York state and the North- 
ern states. We have no long spells of 
severe weather, as is generally sup- 
posed by our neighbors in the south. 


Our winter season’s set in round the 
latter part of December and break up 
in March. We are usually well ad- 
vanced in our spring cleaning by the 
first week in April. The total snow 
fall during the winter season of 1926- 
1927, amounted to 45.5 in. The maxi- 
mum fall at one time amounted to 5.9 
in., while the mean temperature for the 
three winter months, January, February 
and March, was 21.3°, 27°, and 35.2° 
respectively. 


Toronto covers an area of 32.32 
square miles, with 562 miles of streets, 
147 miles of lanes, and a population 
of 560,000, as returned by the Asses- 
sors. The street railway system is 
owned and operated by the city, and has 
a single track mileage of 197 miles. 


Organization Principal Factor.—Or- 
ganization is the principal factor in 
the effective and economical removal 
of snow. The first step each fall is 
the preparation of a map defining each 
district, location of foremen and dis- 
posal points. The patrolmen are or- 
ganized in small gangs under the super- 
vision of a sub-foreman. Additional 
casual labor is engaged as conditions 
warrant it. 


Each foreman is responsible for his 
district. He has his men placed in 
gangs of 12 to 15, stationed at given 
points, and all working in the same 
direction. First attention is given to 
the business section and main car 
lines, crossings for pedestrians, and car 
stops, while the opening of channels in 
tlhe vicinity of culverts is performed 
by small gangs working in defined 
areas. 


The snow plow is used most advan- 
tageously for drifts and windroving the 
snow to each side of the roadway, thus 
permitting the teams and trucks to be 
loaded as quickly as possible. 


Clearing Car Line Streets.—On car 
line. streets the Transportation Com- 
mission operate snow plows mounted 
on flat cars, followed by rotary broom 
sweepers, all of which are equipped 
with steel blades, mounted upon swing- 
ing arms, which push the snow 8 to 10 
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ft. from the track allowance into a 
windrow. The congestion and parking 
of motor vehicles is perhaps the great- 
est handicap in the performance of the 
work, while it must be borne in mind 
that it is also the primary motive for 
the removal of the snow. 


The commercial and flexible utility of 
the motor vehicle today demands that 
street officials place snow removal 
among the essential civic services and 
give it considerably more thought than 
it was given 12 to 15 years ago, when 
snow cleaning was confined to a very 
limited downtown area. 


The most effective solution for fight- 
ing a snow storm is to work with the 
storm, in this way the snow does not 
become packed too firmly to be easily 
handled and guards against the danger 
of blocking traffic. 


Disposal of Snow.—The disposal 
plays an important part in the econom- 
ical removal of snow. Long hauls nec- 
essarily reduce the loading time. There- 
fore, sewer man-holes are utilized 
where possible. The construction of 
special snow holes at convenient loca- 
tions has greatly relieved the situation, 
owing to the greater capacity of the 
hole and the fact that the disposition 
of the snow is accelerated by a flow of 
water from a water main. 


The depositing of snow upon vacant 
lands, ravines, or park areas is found 
necessary at times, but has the objec- 
tionable feature of an unsightly dump 
until late in the spring before the last 
of the snow disappears. 


Financing Snow Removal Work.— 
Snow removal work is financed by gen- 
eral taxation, and is included in the 
Department’s Annual appropriation. 
The city does not remove the snow 
from sidewalks in front of private 
properties, but will upon request, the 
cost of which is chargeable to the prop- 
erty owner and included in the annual 
tax bill. The street railway system, 
while being owned by the city, pays 
30% of the cost of removing snow from 
the car and bus lines, and in addition 
maintains its own gangs for switches, 
loops and yards. : 





Standardization of County Road 
Building Methods.—Thomas J. Wasser, 
president of the County Officials Di- 
vision of the American Road Builders’ 
Association, has invited all county high-» 
way officials of the nation to join in a 
movement for the standardization of 
county road building methods. The 
standardization will be accomplished 
through committees selected from the 
membership of the division. The next 
meeting will be held May 11, in Wash- 
ington, D. C. 
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Chicago Tries Diesel Engine 
on Mixer 


How to prevent employees from fill- 
ing the gas tanks of their private fliv- 
vers from the company fuel supply and 
the gasoline tank of the concrete mixer, 
is a problem that has puzzled more 
than one contractor. Apparently the 
general average is that for every gal- 
lon used by the mixer there is at least 
one gallon and sometimes two which 
gets “lost’’ before it reaches the car- 
buretor. 

An unexpected solution of this dif- 
ficulty was recently obtained by engi- 
neers of the city of Chicago during 
some experimental work in which 
Diesel engine power has been tried out 
on small mixers. Since the Diesel en- 
gine operates on fuel oil or kerosene 
the problem of stolen gasoline has been 
practically solved, and what appear to 
be decided advantages of simplicity of 
operation have been obtained. 

About 18 months ago Jas. J. Versluis, 
engineer in charge of water works con- 
struction for the city of Chicago, con- 
ceived the idea of using Diesel engines 
on small mixers and as a test job a 
Marsh-Capron 7-S portable mixer was 
purchased without power plant and fit- 
ted in the city shops with a 6 horse- 
power, one cylinder Hill Diesel engine. 

During the past year and a half this 
piece of equipment has been in con- 
tinuous use on sidewalk, foundation 
and other general work for the city and 
has given such satisfactory results that 
similar engines are being installed on 
several new pieces of equipment, in- 
cluding a 10-S mixer. 

Outside of the fact that a consider- 
able saving on fuel costs has been ef- 
fected, as the kerosene used does not 
interest gasoline thieves, the Chicago 
engineers have become convinced that 
due to its reliability, simplicity and 
ease of operation the one cylinder 
Diesel engine is a worthwhile power 
plant. 

No difficulty has been experienced in 
starting on the fuel on which the power 
plant runs even in cold weather, it is 
said, and the engine has been found to 
start as easy or easier than gasoline 
engines under all conditions. The 
mixer has been used throughout the 
test in the normal way and withvut 
special attention. For the most part 
Foreman F. L. Courtney has left the 
handling of the engine entirely to the 
laborers employed on the job and there 
has not been the slightest trouble. The 
starting procedure is simple. All that 
is necessary is to open the fuel valve, 
release the compression and crank the 
engine. The compression is then 
thrown back on and the engine begins 
to fire. 

The cost of the mixer equipped with 
the single cylinder Diesel runs from 
somewhat higher than the cost of the 
same mixer with standard gasoline 
equipment, 

















The Railroad Grade Crossing Problem 


in Wisconsin 


Paper Presented at Mississippi Valley 
Conference of State Highway Officials 


By HARRY D. BLAKE 


Grade Crossing Engineer, Wisconsin Highway Commission 


HE railroad train is recognized as 
an outstanding menace to the 
safety of the motorist, and to the high- 


way engineer attempting to increase . 


the speed, ease and safety of motor 
travel, the railroad grade crossing 
presents a question of procedure com- 
plicated in the extreme. The problem 
has been with us since the construction 
of the first railroad but it has increased 
rapidly in importance with the recent 
development of the transportation sys- 
tem of the country until it is today one 
of the most serious confronting the 
American public. The demands of the 
public and of the railway companies 
are essentially the same:—the diversion 
of motor traffic from the maximum 
number of grade crossings at the mini- 
mum of expense to each, and as a re- 
sult the apportionment of cost becomes 
the controversial feature. For many 
years, highway, railroad and public 
utility commission officials have been 
seeking an equitable method of pro- 
eedure. Conflicting interests have de- 
veloped, however, and in the absence of 
any generally accepted plan the solu- 
tion in many cases has been an order 
by the public utility commission which 
has reconciled the facts at issue to the 
extent permitted by the statutes in the 
particular state. 


The Wisconsin Plan of Procedure.— 
The Wisconsin Highway Department 
has developed a plan of procedure based 
in part upon an apportionment of the 
increased construction cost brought 
about by the presence of the railway 
tracks, which appears to offer a rea- 
sonable and equitable solution of the 
problem and one that seems satisfac- 
tory to the public, the railroads and 
public utility commission officials in 
that state. The progress made during 
the last year would indicate that the 
plan is sound. 


The average citizen has little patience 
with bells, signals, gates or watcli- 
men, effective as they may be at times, 
but demands the removal of the grade 
crossing in its entirety. During the 
long period of horse-drawn traffic many 
people came to believe that the rail- 
roads in some intangible way were re- 
sposible for all the crossing accidents 
and, consequently, should pay all or 
at least a major portion of the cost of 
improvements of this type. 

The reaction of railroad officials to 
this earlier viewpoint of the public no 
doubt has been much the same in all 


the states. The highway engineer from 
necessity is forced to combine railroad 
grade crossing improvements with 
longer road construction jobs in order 
to make funds available for the grade 
separation or traffic diversion and fre- 
quently the crossings included have not 
been the ones considered most worthy 
of attention by the railroad engineers. 
The question of alleged benefits to the 
carrier when but 90 per cent or perhaps 
even less of the total motor traffic was 
diverted from a crossing has been met 
with the argument that so long as the 
grade crossing remains open, the haz- 
ard still remains. A contention that 
the number and character of train 
movements rather than the volume of 
motor traffic should be taken as the 
controlling factor in determining the 
benefits to each has been presented on 
many occasions. A frequent source of 
dispute has been the demand of public 
officials that the railroads participate 
in the cost of road construction adja- 
cent to proposed separation structures 
made necessary in the design of the 
highway to permit its safe operation 
when the separation might be effected 
by the substitution of steep grades, 
poor alignment and lessened vision for 
the motorist. 


Railroad Track Detail of Topography. 
—This involves consideration of the 
question as to whether the railroad 
track is to be accepted as a detail of 
topography or whether it is an extra- 
neous feature, the existence of which 
causes the increased highway construc- 
tion cost necessary to divert motor 
traffic from the crossing and toward 
which the railway company by statute 
is required to contribute in most states. 


It is argued by many railroad offi- 
cials that the so-called dangerous cross- 
ings should be taken up first and the 
questions of approach grades, vision, 
highway and railway alignment adja- 
cent to the existing crossing, character 
of surfacing, speed of trains, and many 
other factors, enter. It has been gen- 
erally assumed in the past that the 
so-called wide open crossings in level 
country with no obstruction to vision 
were to remain at grade perhaps in- 
definitely but with the rapid construc- 
tion of a tremendous mileage of con- 
crete pavement and the development of 
high speed through routes, railroad 
statistics show that 70 per cent of their 
crossing accidents occur in daylight, 63 
per cent on the so-called wide open 
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crossing, a large majority of them 
caused by motorists entirely familiar 
with the crossing, and from 25 per cent 
to 40 per cent brought about by motor- 
ists driving into the side of standing 
or moving trains. A study of these 
statistics shows that the highway de- 
partments and railroad engineers must 
give consideration to the separation of 
the crossings where there is no rail- 
road cut or fill to assist, and it is ob- 
vious that this work will be expensive. 
In any event it is difficult to say which 
are the safe crossings. 

Financing Grade Crossing Improve- 
ments. — Most railroads have insisted 
that grade crossing improvements must 
be financed in their entirety from oper- 
ating income and that in asking them 
to contribute toward their cost the pub- 
lic must consider the earning capacity 
of the line and the responsibility of the 
railroad officials to their stockholders. 
This method of financing work of this 
nature as almost universally employed 
is at least open to argument and a sub- 
ject for serious study on the part of 
both the railroads and the public. Prob- 
lems presented by the development of 
tributary roads which utilized crossings 
previously avoided by a relocation of 
the main trunk and many other ques- 
tions of a similar nature have been in- 
terposed to complicate the situation and 
make more effective the claim that the 
advantages to the railroad would be 
but temporary at best and that the real 
beneficiary was the motorist who 
should pay the major portion of the 
bill. 

At the same time, in fairness to the 
railroads, we must remember that when 
their tracks were laid they were lo- 
cated to conform with conditions of 
that time. Legislation, court deci- 
sions and precedent were formulated 
during the long period of horse-drawn 
traffic, and it is but fair to assume 
that the railroads could not forsee the 
tremendous development of motor traf- 
fic that has occurred in the last 20 
years. The responsibilities of the rail- 
road corporations to the public, how- 
ever, are quite clearly set fourth in the 
statutes in the various states and to 
these laws both parties at interest must 
conform. 

Accidents at Grade Crossings.—With 
the development of motor transporta- 
tion during the last few years, the at- 
tendant rapid increase in crossing acci- 
dents has concentrated the attention of 
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the public more and more upon the 
grade crossing. In the summer months 
scarcely a day passes but the state 
papers carry on account of one or more 
such accidents with the attendant rec- 
ord of casualties, suffering and financial 
loss. Gradually the average citizen has 
come to realize that the only sure way 
to prevent a recurrence of the trag- 
edies is to get rid of the crossings. 
While perhaps highway and railroad 
officials appreciate more fully the prob- 
lems of this work, the public thinks 
more often in terms of the results it 
wants accomplished, and, as a rule, is 
willing to leave to its engineering 
representatives the problem of working 
out the solution. This attitude was well 
exemplified in Wisconsin when the last 
legislature almost unanimously passed 
a bill setting aside $100,000 to assist 
in financing the public’s share of grade 
crossing work on the state trunk high- 
way system. 

The railroads officials can see that 
they are confronted by hostile public 
opinion that demands the elimination 
of all grade crossings. In some states 
the public utility commission or the 
legislature has laid down fixed percent- 
ages of apportionment, many on the 
basis of an equal division of the cost 
of the bridge and approaches. This 
plan is not applicable to highway _re- 
location made to divert motor traffic 
from the grade crossings and while it 
can be applied to separation projects 
many of the improvements of this type 
are combined with changes in the loca- 
tion of the highway which cause in- 
creased construction expense to the 
public. In general, the railroad officials 
believe that many of the apportion- 
ments are unfair to their companies, 
and while they accept the ones forced 
upon them, there is little enthusiasm on 
their part and operations are confined 
to comparatively few crossings. As 
the larger railroads have thousands of 
grade crossings, with more being 
opened every day, it is not at all sur- 
prising that their officials hesitate to 
embark on a comprehensive plan for 
crossing elimination which they feel 
might mean bankruptcy to their rail- 
road if carried to its ultimate comple- 
tion. 


Demands of the Railroads.—Leaving 
out of consideration for the present 
the various minor factors that arise 
in the individual cases, the major de- 
mands of the railroads may be summed 
up as follows: 

1. A reduction in the railroad’s share 
of the cost to 25 per cent, which they 
consider a reasonable figure. 

2. The closing of the maximum num- 
ber of grade crossings. 

The railway engineers have given 
this question careful and_ serious 
thought, both as_ individuals and 
through the medium of their engineer- 
ing organizations, and different solu- 
tions have been proposed. Some feel 
that the federal aid highway act should 
be amended so that a specific allot- 
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ment would be made to each state for 
grade separations, the cost of this work 
to be divided 50 per cent federal money, 
25 per cent state money, and 25 per 
cent of the total to be paid by the rail- 
road company. While it was clearly 
the purpose of Congress to aid in the 
removal of the grade crossing hazard, 
there is nothing in the law to indicate 
that this phase of the work was to 
take precedence over the construction 
of a surfaced and maintained highway 
system. Since the passage of the fed- 
eral aid act and before, the grade 
crossing problem has been given seri- 
ous consideration by the state depart- 
ments, but the highway engineer faced 
by a public clamor for more and more 
hard surfaced roads, from necessity has 
been forced to use the public funds 
for that purpose, and, as a result, has 
until recently accepted only such cross- 
ing improvements as could be built at 
a relatively low cost. While the public 
is now insistent in its demand for the 
elimination of the grade crossing, this 
group of highway officials will no doubt 
agree that the construction of the fed- 
eral system has not yet reached that 
stage of completion where the proposed 
amendment would find support in Con- 
gress for some time to come. 

The second requirement presents a 
serious problem. The highway trans- 
portation system, owned and operated 
by the public, comprises some 2,862,197 
miles of roads, of which perhaps 200,- 
000 represents state or federal trunks. 

The closing of Town Road Crossings. 
—It has been suggested that the high- 
way system should be properly corre- 
lated between trunk and feeder lines, 
the unnecessary branches being lopped 
off wherever their economic necessity 
cannot be shown, this work to be dele- 
gated to a properly qualified state 
authority functioning through state 
utility commissions who, in turn, 
should be required to work through a 
national authority associated with the 
Interstate Commerce Commission with 
respect to public policy in the produc- 
tion of safe and convenient highway 
transportation. Such a plan, if it could 
be put into effect, would permit the 
closing of many town road crossings, 
but many of the retirements would in 
volve the inherent right of individual 
property owners of access to a public, 
highway, and if many existing cross- 
ings were closed very considerable sums 
would be necessary to build the con- 
necting roads. Just where these public 
funds would come from is not clear. 
While the Interstate Commerce Com- 
mission controls both the receipts and 
the disbursements of the railroads, it 
is not probable that they would dis- 
play very much enthusiasm over the 
plan proposed, and it is questionable 
whether Congress would feel that pub- 
lie opinion would support such a 
change. In fact, the tendency is in 
just the other direction and without 
a doubt a few more years will see all 
the states in complete control of the 
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main roads, the counties controlling the 
subsidiary trunks, and the local town- 
ship handling its own problems in their 
entirety. Some of the states have laws 
which have made possible a reduction 
in the number of grade crossings over 
a period of years but in those states 
with large areas of developing country 
this is very difficult. There is no doubt 
that in many states laws should be 
passed which would more fully sup- 
port the utility commission and make 
the closing of existing crossings easier 
and the opening of new ones more dif- 
ficult, and to accomplish this very high- 
way department should give its sup- 
port. 

Costs Apportioned in Proportion to 
Benefits.—There is one point and per- 
haps only one upon which the officials 
of both sides agree, and that is that 
the opportionment of cost of grade 
crossing improvements shall be in pro- 
portion to the benefits received by each. 
To the speaker’s knowledge, however, 
no generally accepted method of de- 
termining these benefits has ever been 
developed, and in practice, each case is 
considered separately as it comes up 
with the ever-recurring arguments over 
the alleged benefits to each. No mat- 
ter how carefully the plan of determin- 
ing the benefits is reduced to a mathe- 
matical basis, assumptions must be 
made at the starting point, and it is 
over these assumptions that the argu- 
ments begin. 

At the end of 15 or 20 years of what 
may be termed experimentation that 
have elapsed during the development 
of the motor vehicle, there are few 
states and few railroads that have a 
program for the future in grade cross- 
ing work. With most of the cheaper 
relocations and separations complete on 
the state roads, the time has come 
when a solution of the greater problem 
that now confronts us must be devel- 
oped. With the rapid increase in the 
number of automobiles, the concentra- 
tion of tremendous sums of money for 
highway improvement, and an irresis- 
tible demand on the part of the public 
for the elimination of grade crossings, 
it is the contention of the Wisconsin 
department that the problem is 
squarely before the management of the 
railroads and that they must provide 
for its solution in their underlying fin- 
ancial structure and not from operating 
revenue alone. A large part of the 
crossing accidents occur at rural cross- 
ings on the state system of highways 
and with the track elevation work in 
the larger cities must come the grade 
separations on the state roads as they 
carry the larger volume of traffic. These 
separations will come first and if a 
satisfactory and equitable method of 
procedure can be developed, no doubt 
it will be followed by the utility com- 
missions and public officials handling 
town, village and city crossings as they 
come up in the future. Whatever the 
solution is to be, it must be worked out 
in a comprehensive way for without a 
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doubt the next ten years will see the 
public demanding and securing the 
separation of a large part of the cross- 
ings on the main high speed trunk lines, 
with automatic protection for the few 
that must remain. 

Each State Will Have to Work Out 
Its Own Solution.—The existing federal 
statutes provide no method of pro- 
cedure or plan or apportionment for 
grade crossing improvements, and with 
the wide variation of the laws on the 
subject in the various states it is ob- 
vious that under the existing condi- 
tions each one will have to work out its 
own solution. At the end of 15 years 
of endless argument and litigation, 
with traffic diverted from only 193 
crossings on the state trunk highway 
system in that time, at a cost to the 
railroads of about $1,480 per crossing 
and with the more expensive separa- 
tions to come, the Wisconsin depart- 
ment decided that the grade crossing 
problem was fast becoming an example 
of the irresistible force and the immov- 
able body. 

A careful study of the situation 
seemed to indicate that several essen- 
tial elements were lacking in the gen- 
eral method of procedure employed. 
While the positions assumed by the 
parties at interest were diametrically 
opposite, it was felt that the problem 
was probably no more difficult of solu- 
tion than many others encountered in 
the administration of the highway laws 
if the situation were approached by 
both sides with the idea of sincere 
co-operation. 

As we grow older, we realize that 
a little of the spirit of the Golden Rule 
applied to our dealings with other men 
helps to smooth out many of the rough 
spots and at times makes possible the 
accomplishment of what has _ been 
deemed impossible. It is believed that 
all too frequently the policy of our 
department has been to decide what is 
to be done and then to advise the rail- 
road company of the decision and notify 
them of the amount to be paid. The 
railroad engineers are intensely inter- 
ested in the grade crossing problem and 
it is felt that they should be called in 
at the beginning and their advice and 
counsel secured in working out the 
plan of procedure. 

Cooperation Arrangement With Rail- 
roads.—In the second place, there 
seemed to be no accepted plan of pro- 
cedure or method of cost apportion- 
ment that could be applied to the aver- 
age case in attempting to arrive at the 
final apportionment of cost. As a re- 
sult, each new problem as it came up 
resolved itself into a struggle to bal- 
ance assets and liabilities on each side, 
and the result was gamble. The Wis- 


consin group decided that the 15 years 
of experience had convinced them that 
the method commonly employed of at- 
tempting to agree upon the benefits to 
the two parties in each case had not 
proven wholly successful, and that a 
much better solution of the difficulty 
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seemed to be to agree with the rail- 
road officials, if possible, upon the per- 
centages to be applied to the average 
case, these same percentages then to be 
applied to all cases, a uniform result 
being produced by the law of averages. 
It was felt that if the plan could be 
put into tangible form the problem 
would work out through the coopera- 
tion of the railroad officials, and to that 
end a conference was called at the office 
of the Wisconsin Highway Commission 
of chief engineers of the principal rail- 
roads operating in the state. 

At this conference, the Railroad 
Commission was represented as well as 
the railroads. When the group as- 
sembled they were told that the Wis- 
consin department felt that $1,000,000 
per year expended to cover the in- 
creased cost of work of this character 
would remove the larger part of the 
758 crossings still remaining on the 
state trunk highway system in a ten 
year period, and their cooperation was 
asked in the necessary work. Feeling 
that there is a well concerted demand 
for the immediate removal of the grade 
crossing hazard and that the problem 
before responsible officials is not so 
much to determine who shall pay the 
last dollar of the bill as to develop some 
method which will produce results, the 
following plan of procedure was pre- 
sented. id | 

The arrangement, as worked out, is 
cooperative to the extent permitted by 
the statutory allotment of highway 
funds. The crossings to be improved 
are selected, if possible, after confer- 
ence with railroad officials and the plan 
of approach developed jointly with 
them and with the engineers of the 
Railroad Commission. It is believed 
that this method will prove helpful in 
interesting railroad engineers in the 
problems of the highway organization. 
Compromises, of course, are necessary, 
both in the location of improvements 
and in methods of procedure, but both 
parties are working toward the same 
general result. 

Procedure of the Wisconsin Plan.— 
In the financial plan presented it was 
agreed by the highway engineers that 
if the crossing hazard did not demand 
attention, the public would have to pay 
for the construction of the road in the 
existing location with the exception of 
that portion of it on the railroad right 
of way, the cost of which is assesable 
against the company by statute. It is 
felt that the railroads should only be 
asked to participate in that portion of 
the cost of the improvement which is 
made necessary by the effort to avoid 
the crossing hazard. 

Surveys are made and estimates pre- 
pared for the proposed relocation or 
separation, as the case- may be, and 
also for the improvement to the same 
standard of the existing road which 
crosses the railroad at grade. Where 
separation structures, or extremely 
heavy grading, or right of way costs on 
relocations are involved, it is obvious 
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that it will cost more to build the new 
road than to improve the old one at 
grade. The costs are determined between 
points common to both old road and 
new, and the difference between these 
two quantities is termed the increased 
cost. Many railroads, however, cross 
the highways in a diagonal direction 
and it often develops that a road can be 
built along the track between two cross- 
ings with a material shortening in dis- 
tance and, consequently, at a reduced 
cost. In such cases there is no in- 
creased cost and the railroad is not 
asked to participate. It is thought that 
the increased cost caused by the 
presence of the track is a better meas- 
ure of the financial responsibility of 
the railroad than any plan heretofore 
developed. In those special cases where 
a separation structure is required on a 
highway newly opened, with no existing 
road handling the traffic, or where 
there is an existing structure that must 
be widened or altered to accommodate 
a modern highway, the total cost of the 
bridge and approaches or of the alter- 
ing is used as the apportionable item. 
Field inspections are made of each 
situation by railroad engineers accom- 
panied by a representative of the High- 
way Commission, and, if possible, a 
plan of procedure decided upon at that 
time. It has been found that is is 
more satisfactory for the railroad to 
handle the design and construction of 
structures that are to carry their own 
traffic, the Commission to do the same 
with structures to carry the highway 
over the railroad. All work, both rail- 
road company and highway, is done by 
contract, if possible, an exception 
being necessary, of course, with proj- 
ects involving lowering or raising 
tracks, construction of false work, 
placing of girders, or rebuilding ex- 
isting railroad bridges. ; 
The matter is presented to the rail- 
road company in a formal way by giv- 
ing them a layout plan which shows 
all the factors of interest to both par- 
ties. This is accompanied by a pre- 
liminary statement of cost apportion- 
ment which assembles the work of 
both groups of engineers and shows 
what the probable apportionment of 
cost will be. If this seems satisfac- 
tory, an agreement is drawn up between 
the railroad company and the Commis- 
sion, which is later submitted to the 
Railroad Commission for approval. No 
fixed sums are used in this agreement 
except in those cases where the rail- 
road company does work with company 
forces. When the railroad force ac- 
count work exceeds $10,000 or $15,000, 
the quantities to appear as part of 
the apportionable cost are agreed upon 
each day and the fixed sum method is 
not employed. Payments are based on 
measured quantities and contract unit 
prices, each party having the privilege 
of checking the work of the other, all 
books of record being open to both 
parties. The quantities on the new 
route can, of course, be determined as 
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the work progresses, but to avoid dis- 
pute the quantities on the old road are 
taken from the preliminary estimate 
above referred to and inserted in the 
agreement. The unit prices to be used 
in determining the deductible old road 
cost are the same as for the new road 
constructed. At the time of settlement, 
the estimate is set up on the basis of 
final agreed measured quantities and 
contract unit prices, and payment made 
by one party to the other to bring 
about the agreed result. 

With the firm conviction that the 
interests of the public require the re- 
moval of the grade crossings as rap- 
idly as possible and on the agreement 
of the railroad companies to waive 
their many objections and to provide 
funds for a well defined program of 
improvements, it has been decided, for 
the time being, to apportion the item 
of increased cost 40 per cent to the 
railroad company and 60 per cent to 
the state. 

One Year’s Operation Under the 
Plan.—This plan has been in operation 
for a full construction season and with 
the exception of one Class A railroad 
the officials are co-operating to the 
fullest extent. In the earlier years 
of the good roads movement, grades 
were separate and highways relocated 
to avoid crossings only at those points 
where the expenditures would not be 
heavy. During the period of prosperity 
immediately following the war, it was 
possible to attack a few of the more 
expensive separations but, as a rule, 
they were avoided. All of the rail- 
roads of Wisconsin are primarily grain- 
carrying roads and during the years of 
poor crops and agricultural depression 
the companies have resisted proposals 
that involved any considerable sum of 
money, for they felt that the railroads 
would be forced to assume a share of 
the cost that they did not think was 
fair. It is interesting to note that in 
the period from 1915 to 1925, state 
trunk highway traffic in Wisconsin was 
diverted from 193 grade crossings. 
This was accomplished by constructing 
15 separation structures and relocating 
the highways so that 37 crossings were 
closed, the remainder being avoided. The 
railroad companies contributed about 
$100,000 toward the portion of this 
work that included separation struc- 
tures and $176,000 toward the cost of 
the highway relocations to divert traffic 
from the crossings. In addition, $12,- 
000 of railroad money was used to as- 
sist in the reconstruction of existing 
bridges to make them satisfactory for 
motor traffic. In all, $288,000 was fur- 
nished by the railroads in this 10-year 
period, or an average of $1,500 per 
crossing. 

The 1926 construction season was en- 
tered with agreements in effect that in 
the end netted the public $3,200 for 
the 18 crossings included in that year’s 
program, or $177 per crossing. Faced 
with the ultimate construction of hun- 
dreds of expensive separations and re- 
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locations, it seemed obvious that some 
method of procedure had to be worked 
out that would take the motor traffic 
off the crossings at a more rapid rate 
and with the co-operation of the rail- 
road officials, if possible. | 

The plan as outlined in this paper 
was entered into in the fall of 1926, 
and while it is not all-inclusive, it does 
offer a solution and a definite plan of 
procedure to be applied to the individ- 
ual cases as they come up where grades 
are separated or a major portion of 
the motor traffic is diverted from the 
crossings. While the Wisconsin stat- 
utes are so written that the crossings 
must be taken up in connection with 
road construction projects as they arise 
and the department has little direct au- 
thority in the location of these projects, 
the recent legislature provided $100,000 
for grade crossing work, to be located 
at the option of the Highway Com- 
mission, and several difficult and ex- 
pensive separation can be carried out 
each year at locations satisfactory to 
the Highway Commission and the rail- 
road companies. Due to the fact that it 
is very difficult under the Wisconsin 
laws to close a grade crossing if pri- 
vate interests are involved, the rail- 
roads were asked to waive their objec- 
tions to the retention of the crossing 
at grade if a major portion of the traf- 
fice were removed. It is now generally 
conceded that the liability of accident 
at a grade crossing is dependent upon 
the number of trains and motor vehicles 
combined and while the rail traffic may 
be light on some lines, the companies 
have been asked to consider their state 
trunk highway crossing problem as a 
unit, each crossing avoided for state 
trunk highway traffic being one step 
nearer the final objective. The in- 
creased cost plan practically eliminates 
the objection of the railroad engineers 
to participation in the cost of road 
work adjacent to the structures for the 
same safety standards are applied to the 
old road as to the new and any extra 
cost is obviously brought about by the 
presence of the track and the effort to 
eliminate the crossing. With the ex- 
isting statutes requiring railroads to 
assist in improvements of this charac- 
ter, it necessarily follows that the rail- 
road must be considered as the cause 


of the extra expense and the increased. 


cost of the road work caused by the 
presence of the track becomes the log- 
ical basis of apportionment. This plan 
is not perfect by any means. In fact, 
it has very definite limitations, but it 
does seem to offer an equitable method 
of procedure and one to which the rail- 
road companies are willing to subscribe 
and set up funds for a definite grade 
crossing program. 

What Has Been Done Under the Plan. 
—Under the plan and with the co- 
operation instead of the objection, re- 
sistance and refusal of the railroad 
engineers, traffic was taken from 37 
state trunk highway crossings in 1927 
at a cost to the railroads of $74,500. 
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The increased cost of this work over 
that of building the old road at grade 
was about $242,000. Five separation 
structures were involved, the remain- 
ing expenditures being in connection 
with relocation of the highway to di- 
vert traffic. These projects were opened 
to travel and other jobs are under way 
which will be partially financed with 
$97,000 of railroad money and addi- 
tional agreements are in effect under 
which the railroads will pay $45,300. 
In the last year the railroads have 
agreed to pay $217,200, or about 75 
per cent of the total amount secured 
in the ten years preceding, after end- 
less arguments, litigation and delay. 
There is also a Railroad Commission 
order outstanding assessing $80,000 
against one railroad. In addition to 
the $142,00 under agreement and the 
$80,000 provided by the Railroad Com- 
mission, the Highway Commission will 
ask the railroads for at least $275,000 
for other improvements to be built in 
1928, and we believe it will be fur- 
nished by the companies. This, of 
course, involves several expensive sep- 
arations and it is felt at this time that 
well over a million and a quarter dol- 
lars will be expended next summer in 
the elimination of 52 crossing on the 
state trunk highway system of Wis- 
consin. 





World Congress of Engineers 

The program of the World Congress 
of Engineers, to be held in Tokio next 
year, was outlined recently in a cable- 
gram received by Maurice Holland, ex- 
ecutive secretary of the American Com- 
mittee of the Congress, 29 West 39th 
St., New York City, from Baron C. 
Shiba, vice-president of the Congress. 

The meeting, Baron Shiba stated, will 
convene in Tokio on Oct. 30, 1929. The 
official languages of the Congress will 
be English and Japanese. The first 
week, the cablegram stated, would be 
devoted to technical papers and social 
meetings, the second week to inspec- 
tion trips in Tokio and the vicinity and 
the next fortnight to trips throughout 
Japan especially arranged to give the 
delegates an opportunity to visit the 
great industrial and engineering cen- 
ters of the country. 

The World Congress, which will be 
attended by engineers and scientists 
from all parts of the world, is aimed 
at the promotion of international co- 
operation in the study of engineering 
science and problems. International 
authorities on engineering are being re- 
quested to prepare papers on subjects 
of interest and moment to engineers. 
It will be the first meeting of its kind 
ever held. 

A notable list of American engineers 
will attend the Congress, 80 of the na- 
tion’s foremost engineers and scien- 
tists having accepted membership on 
the American Committee under the 
honorary chairmanship of Secretary 
Hoover and the active chairmanship of 
Dr. Elmer A. Sperry. 











Hauling With Large Tractor Drawn Wagons 
in Power Shovel Operation 


Use of Large Dump Wagons 
in Grading for Highways 


By T. WARREN ALLEN AND ANDREW P. ANDERSON 





Large dump wagons drawn by 
crawler-type tractors have _ re- 
cently come into considerable use 
with power shovels. An interest- 
ing discussion of the operation of 
these tractor-wagon combinations 
is given in the April issue of 
Public Roads, the official publica- 
tion of the U. S. Bureau of Public 
Roads. The matter on this par- 
ticular subject is a part of a 
series of articles now running in 
the above mentioned publication, 
on power shovel operation in 
highway grading. These articles 
are a report of observations made 
on going projects by the Division 
of Management of the U. S. 
Bureau of Public Roads. The 
authors of the article are T. 
Warren Allen, Chief Division of 
Management and Andrew P. An- 
derson, Associate Highway Engi- 
heer. We are quoting below the 
section relating to the use of the 
tractor-drawn wagon outfit. 











HE merit of the tractor-wagon 

combination appears to be due to 
the following facts: (1) The crawler- 
type tractor can be operated effectively 
over a wide range of road conditions 
such as are found in grading work; 
(2) it can be maneuvered readily on 
steep grades, over rough or soft 
ground and among stumps, rocks, and 
other obstructions; (3) it can maintain 
a relatively high draw-bar pull under 
these conditions and can haul compara- 
tively large loads; and (4) the wagons 
which have been studied were strongly 
constructed and well adapted to operate 
under severe field conditions and were 
equipped with a simple and effective 
dumping mechanism. 

Under normal working conditions a 
heavy tractor can draw two of these 
dump wagons, each having a capacity 
of 5 or 6 cu. yd. If the haul is down 
very heavy grades, it is sometimes 
necessary to limit the train to one 
wagon because at present wagons are 
not equipped with brakes. Tables 1 to 
5, inclusive, indicate that where ground 
conditions are fair and the road of 
sufficient width, two wagons can be 
handled almost as speedily as one, not 
only in the operations of dumping, 
turning, and maneuvering, but also in 
the direct haul. The use of two wagons 
is clearly an advantage if all loading 














Bringing *a Large Capacity Dump Wagon Into Position Under the Dipper 





Tractors Hauling Large Capacity 


is done at the rear of the shovel in- 
stead of the more logical method of 
loading the vehicles at the side. A 
one-wagon train can be backed with 
ease and dispatch, but to back a two- 
wagon train requires considerable skill 
and time. A partial solution of this 
difficulty might be found in the use of 
a larger shovel. The handicap of a long 
swing would still remain, but a smaller 
number of dippers would be required to 
load each train. 

Turning and Dumping With Tractor 
Trains.—The various operations of 
turning, dumping, and maneuvering are 
comparatively fast in the hands of a 
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Dump Wagons in Heavy Going 


skillful operator. The exact time for 
each of these operations is shown more 
fully in Tables 1 to 4. Tables 2 to 5 
show the hauling speed for various 
lengths of haul and under the varying 
conditions on different jobs. These 
tables will indicate to some extent what 
can be expected from this type of 
equipment as well as the amount of the 
time losses most likely to be charge- 
able to its use. 

Of the items which make up the time 
constant, it will be observed that the 
loading time is long. This is inevitable 
on account of the large amount of ma- 
terial carried per load. The loading 
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End Leading inte Tractor Dump Wagon Combination 


time is usually from 5 to 7 minutes for 
a train of two 5 yd. wagons. With a 
standard % yd. shovel, from 7 to 10 
dippers are required to load each 
wagon, and, if the shovel is working at 
a rate of three dipper loads per minute, 
from 2% to 3% minutes will be taken 
up in loading each wagon. If the cut 
is narrow so that the turning radius is 
short it may be necessary to use the 
shovel in getting the second wagon into 
loading position as on short turns it 
does not follow around perfectly. On 
wide roads this extra operation is not 
necessary, nor is it required in loading 
at the side of the shovel. Any condi- 
tions which extend the dipper cycle be- 
yond 20 seconds—stiff clay, badly shot 
rock, stumps, etc.—will also extend the 
loading period so that digging condi- 
tions must be fairly good and ample 
turning space must be available if a 
2 wagon train is to be loaded every 
six minutes with the ordinary % yd. 
shovel. 

At the dump, layer or end dumping 
can be used with almost equal facility. 
With ordinary materials the load as it 
is dumped is spread over a length of 
some 20 ft. In layer dumping these 
piles can be spread either by a heavy 
blade grader or by a bulldozer, and the 
material compacts without serious diffi- 
culty under the tractors and wagons as 
the work progresses. Where this prac- 
tice is followed the dumping time is al- 
most negligible as the train need hardly 
come to a full stop in order to make 
the dump. Dumping the load is often 
merely a part of the general operation 
of turning at the dump. Where end 
dumping is practiced, the loads are 
dropped in the same general way as 
the turn is being made and then a bull- 
dozer or other equipment is used to 
push the dumped piles over the bank. 

Turning is fast. Crawler-type trac- 
tors can usually work close to the edge 
of a fill, so that a train of two wagons 
can ordinarily be turned on a 25 ft. 
embankment without backing. Turning 
time at both the dump and the cut is 


therefore low, as shown in Tables 1 to 
3. At the shovel the turning is usually 
done so quickly that the drive-in can 
be made within a normal dipper cycle. 
Under fair operating conditions the av- 
erage time required for turning at the 
dump, dumping the load, and turning 
again at the shovel, should not exceed 
a total of one minute, and under ad- 
verse conditions should not exceed a 
total of 1% minutes. 


Productions Obtained.—The rate of 
travel of tractor trains is only a little 
greater than that of teams—from 275 
to 325 ft. per minute under favorable 
conditions, and it may fall as low as 
200 ft. per minute under adverse con- 
ditions. Because of this low speed and 
the wide distribution of the tractor load 
on the road, the cost and difficulty of 
maintaining a satisfactory roadway is 
seldom as great as is found necessary 
for the successful operation of heavy 
trucks. Trucks must normally obtain 
their production by maintaining a good 
rate of speed—8 to 10 miles an hour— 
when carrying a reasonable load. The 
tractor train obtains its production by 
taking out a large load at a low haul- 
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ing speed but with little time loss in 
dumping and turning. 

Dependability is, of course, an im- 
portant item in selecting hauling equip- 
ment and is particularly so in the case 
of tractor trains as many outfits use 
only two or three units and the failure 
of one will reduce the output by 33 or 
50 per cent. During the studies few 
delays were noted and these were very 
largely chargeable to carelessness or 
indifference on the part of the opera- 
tors. From extended observation it is 
believed that only high-grade opera- 
tors should be employed and systematic 
attention should be given to maintain- 
ing proper operation practices and to 
keeping the equipment in first-class 
condition. 

Number of Hauling Units Used of 
Great Importance.—Use of a proper 
number of hauling units is of outstand- 
ing importance. A tractor and two 5 
yd. wagons represents quite an invest- 
ment. The operating cost per train is 
also high and is made up approximately 
as follows: 

Driver 
Depreciation 


Gasoline and oil .. 
Repairs 











A high output per unit is necessary 
to justify this expenditure. Obviously, 
the minimum hauling equipment which 
can maintain full shovel production is 
two trains. Under ordinary conditions 
two trains of two wagons each should 
be able to maintain full production for 
a % yd. shovel up to a haul of 600 or 
700 ft., depending on the exact rate 
of shovel operation. The minimum cost 
per day for a grading outfit provided 
with this equipment is about $135 
(shovel, $50; two trains, $60; dump, 
$25). At a haul of about 700 or 800 
ft. a third unit will be needed, and if 
there is much hauling beyond 1,600 or 
1,800 ft. a fourth train may prove de- 
sirable. Tables 6 and 7 are develop- 
ments of the same data as those given 
previously in connection with the dis- 
cussion of team and truck hauling. 
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Getting Large Dump Wagon in Position for Leading 
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They show how the total cost of the job 
is affected by using various numbers of 
l-wagon and 2-wagon tractor trains. It 
will be noted that the use of 1-wagon 
trains is much more expensive than 2- 
wagon trains except for hauls less than 
about 400 ft. Using this method of 
analysis and the prices investigation 
and experience indicate for the particu- 
lar job, the contractor can determine 
within reasonable limits not only what 
type of equipment is preferable but also 
the number of units which will prove 
most economical to place on the job. 
Where 2-wagon trains are used, each 
additional hauling unit after the first 
two extends the limit to which full 
shovel production can be maintained 
considerably—under favorable operat- 
ing conditions about 900 ft.—and if 
shovel operation is slow or difficult the 
distance may be much greater. The 
daily operating cost of each train is 
high and it is not always easy to decide 
just when an additional train would 
prove economical. Assume that two 
tractor trains of two wagons each can 
maintain full shovel production up to a 
haul of 600 ft., and that three trains 
could maintain full production up to a 
haul of 1,500 ft, and that the daily cost 
of operating with the two trains is $135 
per day and that the additional train 
will cost $30 per day. An additional 
unit should be added at the point where 
increased production is proportional to 
the increased cost. In this case it 
should be added at the haul distance 
corresponding to the theoretical train 
requirement, N, as determined by 
equating the cost ratio to the produc- 
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tion ratio, =—, which results in 
165 N 

the value, N=2.44 trains. The addi- 


tional train requirement varies from 0 
to 1 over a distance of 900 ft. and the 
thearetical requirement of 0.44 of a 
train will be at a distance of 396 ft. 
The additional 2-wagon train should 
therefore be added at a haul of approxi- 
mately 1,000 ft. 

Under the conditions prevailing on 
the jobs given in Tables 6 and 7 there 
is a decided advantage in using 2- 
wagon trains, particularly on the long- 
haul job in Table 7. No allowance has 
been made in the examples for the pos- 
sible saving on short hauls where a 
portion of the equipment will not be 
needed. Some saving is possible in 
operating expense, even though drivers 
must be paid. Where horses and wagons 
are used, feeding the horses and the 
drivers when work is shut down gener- 
ates an idle-time cost which is at 
least half of the operating cost. With 
tractors or trucks the machines can be 
protected to avoid depreciation costs; 
there is no charge for gasoline, oil, or 
repairs and the driver may be laid off if 
the shutdown for that unit is likely to be 
long. It seems to be practical to carry 
mechanical hauling equipment much 
more nearly in balance with the maxi- 
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mum length of haul than can be done 
where teams are used. 

On the other hand, profits are seri- 
ously affected by using more tractors 
than are actually needed at any par- 
ticular time. If two trains can haul 
all the material the shovel can dig and 
three are used, then the daily cost of 
operation is raised from $135 to $165. 
If full shovel production is at the rate 
of 720 cu. yd. per day, then with two 
trains working, the unit cost is 18% 
et. per cublic yard, while with three 
trains working it will be 22-11/12 ct. 
per cubic yard, an increase of over 22 
per cent. 

The use of too few hauling units 
may affect profits even more than the 
use of too many. In the case given in 
Table 6 the most advantageous number 
of 2-wagon trains is two. The use of 
only one train would increase the cost 
of the job nearly $7,200, and the use 
of one train more than the proper num- 
ber would increase the cost about $1,- 
250. With 1-wagon trains, three is the 
most advantageous number, and if 
either two or four are used the cost is 
increased $3,225 and $733, respectively. 

The advisability of laying off surplus 
units at any time depends entirely on 
the frequency with which haul distances 
fluctuate. Opportunities will exist to a 
considerable degree on some jobs, while 
on others they will be entirely absent. 
In making the calculations for any par- 
ticular job these facts should be kept 
in mind and all possibilities utilized. 
On some of the jobs studied where 2- 















































Table I.—Time Constant Studies of Tractors, 
Each Drawing One 5 Yd. Steel Wagon. Loading 
Done by a % Yd. Shovel 
[Time constant, 219.1 ds} 

| 
| 
Turning | 
Di Waiting by | Dee ing! 
per bead Loading | at dump | at dum’ P ~ at shovel | 
mober Seconds | Seconds Seconds 
i 4 7 16 
8 il “ 10 
> v 10 13 
5 12 9 13 
7 s 8 15 
t 9 s | 8 
. 14 12 “4 
7 19 15 14 
3 “4 10 15 
7 4 7 16 
+8 17 7 M4 
7 15 10 ll 
7 22 10 14 
8 15 7 12 
8 14 & 15 
: 7 7 2 
8 7 7 14 
8 16 8 16 
8 15 v 17 
7 10 6 20 
Av.7.1 178 1.9 15.6 8.8 4.8 
Table I1.—Comparison of Operating Speed of 


Crawler Tractors Drawing 1-Wagon and 
2-Wagon Trains 





wagons capacit loaded by a %-yard shovel. Operation 
aes hy tpt} in fair and poor condition) 
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Table Ill.—Typical Studies of Operation of 
Crawler Tractors Drawing Two 5 Yd. Wagons. 
Leading Done by % Yd. Shovels 





Most of hauling over rough and rocky roede with steep grades 
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120; wel m5; 2) 37 19 “4 ats 
1,400; 37, mm) WwW) we i] 20; M 0) 336 
1,425) 346) 312) 10) 48 9) mw! ™| ww 
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1, 425 | 2 az) 32 S| ms 13; we) He 
1, 450 | | 2%) 2! af gr) ~~ Mm 
1,49 | 35) 285) 17 “4 “| we] 6 Mi; Ms 
1,40 | 24 a 21 75 i ™ S| ww 3m 
1,40) 31) 28 72 9) ma) 18) we EA 
1,00; 22); 39 *) | 37 “| @ 
1,000; m4) ae! i2| s| 32! «| xm! an 
1,0, 22, 32) Ww) oe | 3m “| 2) mi 
1,500, 22 mS OT 46 w| 32 4) 32) me 
1500) 36) mS) | | mw “ “| MO 
1,590; 277) Mz 2} w | yas 16 18, we 
1,50| 28) 31) 16) 74 », ow ¥ mi mM 
1,000) 30) MO) wm) 4 2) 4a 6) om 
1,60) 28! wo] Wl mM 17) 306 8) 33) 
1,65; 30, 372) 21) | 390 13) we; 2 
1,650 | 322) 35/ 2) 3 33; we 18 7; m7 
er tat tebe el ee eS 
Total, 29,825 | 6,004 | 5,746) 300) 1,203) 3460/6194) 378)... 
AY... 1,401 | 05) 7/15) 7) 307 19 | ad | m 








Short hauls over rough and rocky ground. Shovel operating in frozen ground 
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00 Bl 145 cS) 5; » 172 31 7 1% 
50 Sul 136 Bo 9 | wD 213 eB 2 168 
Total. 4,175 | 4,619 | 1,231) 23] so7/ 224) 1,877] 306}........}...... 
Av.... 417 62 13 B “5 F 2 188 » me 13 
Hauling over road in fair to poor condition with steep grades 
875, m7 195 23 |...---- 7 29 1” 770 a 
00 305, rd wn 30 il 18 12 2) 2 
0 | 273 25 13 Ww 10 205 5 770 BB 
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1,20 ‘S35 22; «(16 }..... ~ 4 ml 10 207 a 
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1,400 | ua z7 ve 31 a7 a aoe 265 
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2,080 165 ss 6 wv 410 ul 30 wu 
200; 3M ua vw as 425, uv HS a 
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2,100 457 ay BS 108 36 “4 16 J0s ed 
2,160 400 ros} w 4 a 43 15 336 305 
2,180 es 431 7 we 3B 45 TT wo 0 
2,200 ww 4s rd ” my 410 n 327 Bye] 
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‘2,290 On 46 2 76 n 438 ” m4 wi 
2, 400 276 425 nw 17 El 458 Bb 325 BOL 
Total. 30,400 | & O42 | 7,511 | 507 | 1, 530 54S as wl 
AY... 1,676 | 321.7 | 200.2) 23.8) 61.6) 21.7 16 3s 6 
‘Gn both baal was down « grade resniting in » higher speed while 


Table IV.—-Hauling Speed of Tractors with One 
5 Yd. Wagon with Road Conditions Varying 
from Good to Very Poor with Deep Mud 




















! 
J Round | Haul to | Speed | Return to| Speed 
trips a Distance dump | loaded Shovel empty 
7 | -—_ 
} | 
| Feet per Feet 
Number Feet | Seconds | minute Seconda eb raf 
6 475 140 |} 246 153.0 186 
- 550 | 137.0 4 241 161.0 205 
8 300 73.0 247 83.0 217 
8 | 300 87.5 | 268 96.0 a4 
6 510 107.7 2s4 118.3 258 
3 700 138.7 303 156.7 28 
6 375 104.5 | 215 134. 1 167 
2 550 | 118.0 | 280 130.0 244 
10 90 | 46.4 | 148 42.8 164 
10 740 | 190.2 | 223 148.7 298 
7 1,050 241.7 | 260 207.3 303 
5 1,025 | 202.2 | 305 1s4, 0 334 
6 785 | 215.7 | 219 142.1 331 
—_—_—___ ____ 
er so | 47,215 | 1,581.4 D eiacced 11,1822 |.......... 
ee Pe eR Aalel gers: 253 




















Table V.—Hauling Speed of Crawler Tractors 
with One 5 Yd. Wagon with Road Conditions 
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1 Not ineluded In averages. 
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wagon trains were used, the trains were 
reduced to l-wagon on the shorter 
hauls. The net operating cost remained 
nearly as high as before. 


Operating Conditions—Where trac- 
tor trains are used for hauling, the 
direct cost of keeping the oufit idle is 
so low that there is more danger of 
operating too soon after rain than there 
is of delaying too long. When idle the 
tractor trains as well as the shovel 
generate practically no cost except in- 
terest which is a relatively small factor 
as compared with the total daily oper- 
ating cost. When working, each train 
costs about $30 a day. Full-time men 
about the shovel and general job over- 
head generate a cost not far from $40 
a day. If three trains are normally 
required in order to maintain produc- 
tion, the daily cost of operating is about 
$165. Under such conditions (provid- 
ing no penalties are involved) a yard- 
age of nearly three-fourths of that 
required to pay the cost of normal pro- 
duction is necessary in order to justify 
working at all. 


There is no great danger that work- 
ing too soon after rains will create road 
conditions likely to interfere with the 
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work for some days. Road conditions 
must be such that they would be con- 
sidered bad for most types of hauling 
equipment before the rate of operation 
of tractor trains is much affected. How 
soon work shall begin after a storm is, 
in general, dependent on the conditions 
at the pump and at the shovel rather 
than on the condition of the roadway. 
The fact that this type of hauling 
equipment can operate successfully 
where hauling conditions are below 
normal does not mean that attention to 
the roadway can safely be neglected. 
The increased cost of fuel and the wear 
and tear on the equipment on a bad 
road is naturally much greater than on 
a good road. If the job is to be made 
to yield a satisfactory profit, high- 
grade management is perhaps even 
more necessary where tractors and 
heavy wagons are employed than where 
ordinary team hauling is used. 





Highway Safety Pageant 


National distribution of a dramatic 
pageant for production in schools and 
churches of the United States has been 
started by the American Road Builders’ 
Association. The pageant, written by 
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F. A. Boggess, high school principal of 
Boulder, Colo., won first prize in a 
national competition for the best idea 
on highway safety. 


The pageant, together with complete 
instructions for production, will be fur- 
nished gratis by the Road Builders’ As- 
sociation to all schools and churches 
interested in highway safety. It has 
been selected by nationally known 
judges as the best available plan for 
the safety education of young people. 


The pageant was selected as the win- 
ner of a $500 cash prize from among 
hundreds of manuscripts submitted by 
contestants in every section of North 
America. Ten prizes in all were 
awarded and totalled $1,000. The sec- 
ond award was made to Barry Mulli- 
gan, Washington, D. C. Other prize 
winners were Albert Mahlen, New York 
City; Dr. A. E. Knoefel, Black Moun- 
tain, N. C.; Thos. F. Power, Worces- 
ter, Mass.; Albert C. Rose, Chevy 
Chase, Md.; Frank G. Duck, New York, 
N. Y.; Rev. Clyde Anthony, Kalama- 
zoo, Mich.; Jas. H. Brown, Battle 
Creek, Mich.; Edward F. Carson, Brook- 
lyn, N. Y. 


Table VI.—Analysis to Determine the Most Economical Number of Tractor Trains for Use on a Given Job 






































Number of 2-wagon tractor trains ! Number of 1-wagon tractor trains * 
Pe et Pee - ae ~ 
: |} atfull | Number Number | 
Quantities Haul shovel pro-| required l | 2 | 3 required | 2 | 3 | 4 5 
duction | to peed | —_—_—__—__ —_—-'—_--—- ” — } 
| fullshovel | 3 . ull shovel | 
| production | Days required production | Days required 
_ i ma || Petaat 
Cubie yards Feet [ | | 
14, 400 500 20 | 1.9 38.0 20.0 20.0 2.6 26.1 20.0 20.0 20.0 
10, 800 600 15 | 2.0 30.0 15.0 15.0 2.8 21.2 15.0 15.0 15.0 
7, 200 700 10 2.1 21,1 10. 6 10.0 3.1 15.3 10.2 10.0 10.0 
10, 800 800 15 2.2 33.3 16.7 15.0 3.3 24.6 16.4 15.0 14.6 
5, 760 900 8 23) 18.7 9.3 8.0 3.5 14.0 9.5 8.0 8a 
7, 200 1, 100 10 2.6 25. 6 12.8 10.0 4.0 19.7 13.2 10.0 10.0 
10, 800 1, 200 15 27 | 40.0 20. 0 15.0 4.2 31.2 20.8 15.6 14.0 
Datel. .cccecceee 66, 960 ee 202. 7 104. 4 fy ee 152.1 105. 1 93.6 93.0 
ST ee Se $105 $135 4 ees $129 $156 $183 $210 
a ees Se 21, 2384 14, 094 | ae, 19, 621 16, 306 17, 129 19, 530 


























Tractors drawing two 5-cubic yard steel wagons, $30 per day, speed 300 feet per minute, loading time 6 minutes per train, and total time constant 8 minutes. 


? Tractors drawing one 5-cubic yard steel wagon, $27 per day, speed 300 feet per minute, loading time 3 minutes, total time constant 434 


tes. 


Table VII.—Analysis to Determine the Most Economical Number of Unitsfor Use on a Given Job with Considerable Variation in Haul Distance 
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Number of 2-wagon tractor trains ! | Number of 1-wagon tractor trains * 
Bs | — —_ 
| Days | 
| work at | Number 2 | 3 | 4 | 5 | 6 Number 3 | 4 | 5 6 7 8 
} full required |__ = required 
Quanties Haul | shovel | to main- tomain-| ~ 
| — | tain full tain full 
0 r ° 
fn 4 Days required = Days required 
tion tion 
Cubic yards Feet 
7, 200 500 10 1.9 10.0 10.0 10.0 10.0 10.0 2.6 10.0 10.0 10.0 10.0 100 100 
18, 720 600 26 | 2.0 26. 0 26. 0 26.0 26.0 26.0 28 26.0 26.0 2.0 26.0 26.0 2.9 
14, 400 900 20 23 23.3 20.0 20.0 20.0 20.0 3.5 B3 20.0 20.0 20.0 20.0 2 
10, 800 1, 200 15 2.7 20.0 14.0 15.0 15.0 15.0 4.2 20. 8 14.6 15.0 14.0 140 14.6 
5, 760 1, 500 » 30 12.0 &0 &0 &0 8&0 48 12.9 0.7 8&0 a0 &0 &@ 
10, 080 1, 800 14 3.3 23.3 14.6 14.0 14.0 14.0 5.5 26.1 19.3 m4 40 14.0 140 
7, 200 2, 400 10 40 20.0 13.3 10.0 10.0 10.0 648 2.8 17.1 13.7 1L4 10.0 100 
7, 200 3, 000 10 4.7 23.3 16.6 11.7 10.0 10.0 &l 27.2 20.4 16.3 13.6 1L7 102 
14, 400 4,,000 20 5.8 57.8 38.5 23.9 3.1 20.0 10.4 69.3 61.9 41.6 «6 20.6 %.o 
10, 800 4, 600 15 64 483 32.2 24.2 19.3 16.1 1.5 5&6 “4.0 35.2 22.3 26.1 2.0 
Total, 106,560 }.......... | ae 264. 0 194.2 167.8 155. 4 BRA brcccccsece 297.0 234.0 201.2 181.9 10.4 2 
Cost | EES, SEES. $135 $165 $195 $225; | $2564.......... $158 $183 $210 $237 $264 
T a ews 35, 640 32, 043 32, 721 34, 965 SEE Ipeencawese 46, 332 42, 822 42, 252 43,110, 44,722 46, 909 
! Tractor to draw two S-oubic yard steel wagons, $30 per day, speed 300 feet per minute, loading time 6 minutes, total time constant 8 minutes. 
* Tractors drawing one 5-cubic yard steel wagon, $27 per day, speed 300 feet per minute, loading time 3 minutes, total time constant 4}4 miputes. 




















The Use of Timber tor Secondary Highway 


Bridges 


A Study of Short Life Struc- 
tures Under Michigan Conditions 


By C. A, MELICK 


Bridge Engineer, Michigan State Highway Department 


The rapid changes in the status of 
many of our township highways from 
obscure, narrow, dirt roads to impor- 
tant improved county and state high- 
ways and the corresponding continual 
changes in the majority of our county 
and state roads, transforming these 
into roads of still higher type, plainly 
indicate the necessity of planning with 
great foresight and care the replace- 
ments, alteration, and maintenance of 
existing bridges on all highways lest 
our investment be unwisely made if not 
absolutely squandered. The same warn- 
ing may also be considered to apply to 
bridges over streams which are apt to 
be dredged within the next twenty years 
or on which navigation interests are 
apt to be developed. 

The Changing Status of a Road.—A 
so-called permanent type of bridge 
should, in general, be good for 50 years 
of service in order to justify its cost. 
What man among us would today care 
to make a positive assertion that the 
status of a road or drainage project 
would be adequate for even a 5-year 
period? In the face of such indefinite 
tenure of life, what can the bridge engi- 
neer do to insure not only against total 
loss but also to guarantee a sound in- 
vestment of the public funds? There 
appears to be two plans, either of which 
may be chosen: Either to build a per- 
manent type of bridge which can be 
widened in the future or to adopt a 
less expensive type which can be eco- 
nomically scrapped after serving a rea- 
sonably short period of time. An un- 
certainty of prediction of greater life 
than five years might lead one to as- 
sume that untreated timber, which has 
a life of from five to ten years, should 
in the latter case be chosen, but we 
should always remember that it may be 
desirable to retain the bridges for fif- 
teen, twenty or more years, as our 
guess at conditions may be very-badly 
off and it would generally be unwise 
not to use creosoted timbers for ex- 
posed portions of such bridges, this 
material having a life of around thirty 
or more years. 

In the case of a stream where no 
dredging of any consequence may be 
anticipated as determined from the na- 
ture of the stream itself, as well as 
from the drainage conditions within its 
watershed, and where the necessary 
funds for construction are available, 
structures of a permanent nature may 
and generally should be placed provided 
that the design of the structure shall 


be such that the structure may be wid- 
ened for additional roadway or sidewalk 
provisions without the loss of any of 
the fundamental investment when such 
widening shall be made. This is the 
present policy of the state highway de- 
partment and the successful working 
out of this plan will be a source of 
increasing satisfaction to our successors 
in the handling of bridge problems as 
well as to the public, whose safety, con- 
venience and pocketbook are affected 
and conserved. 

When to Consider Less Permanent 
Type.—For all other conditions than the 
above, i. e., when dredging is probable 
or when funds are inadequate or when 
the type of road development is liable 
to undergo radical changes, it is highly 
desirable that we consider and develop 
a cheaper and less permanent type of 
structure which will be entirely ade- 
quate for at least present legal loadings, 
with a reasonably small margin for 
increased loadings either in the loadings 
themselves or in the unit stresses used, 
and which will provide roadway and 
walk widths not greatly in excess of 
the present traffic requirements or those 
immediately contemplated. Such struc- 
tures should also very greatly be gov- 
erned by the suitability of the structure 
to its surroundings as well as to the 
funds available. 

This leads us to consider the vitally 
fundamental question as to what mini- 
mum relative saving in cost, under that 
necessary for a permanent type, will 
justify the adoption of a cheaper or less 
permanent or otherwise less desirable 
type of structure. 


- Relative Life and Costs.—If we as- 
sume that the cost of a permanent type 
of bridge of given roadway and walk 
facilities, built with provision for future 
widening is Co and the cost of a 
cheaper structure with the same facil- 
ities but without necessarily provisions 
or desires for future widening is Cl, 
the initial or first cost saving is Co— 
C1, which may be designated as S. We 
may further assume C2 as the cost of 
future widening of the permanent struc- 
ture for ultimate facilities and C3 as 
the cost of providing at the end of t 
years a complete new structure of per- 
manent type with the ultimate facili- 
ties. V may represent the salvage value 
of the temproray or cheaper structure 
when discarded for the permanent 
structure. i. e., salvage value less cost 
of removal, and p may represent the 
rate of interest. Then we may assume 
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that the relation [S(1-+-p) to the power 
t]+V—Co will give a guaranteed no 
loss investment, actually giving a brand 
new job at the end of t years in the 
event that the passage of time shall 
disclose that the original facilities are 
still adequate. 

This relation assumes also that the 
original “permanent” structure is at 
least permanent enough to have a life 
of T years where T is obtained from 
the expression (1+-p) to the power 
T = [1+(C3—C2) divided by C1] X 
[[(1+-p) to the power t] — 1] or {1+ 
(Co divided by C1] X [[(1-+-p) to the 
power t] — 1] as the case may be, this 
being derived from simply equating the 
annual charges, omitting maintenance 
charges, and considering as an annuity. 
If widening is found necessary at that 
time, we may assume [S(1+-p) to.the 
power t] + V=C3— C2. If p=5 
per cent and V be assumed as zero, its 
minimum probable value (S divided by 
Co) or (S divided by C3 — C2) as the 
case may be = [1 divided by (1-++-p) to 
the power t] and for values of this sav- 
ing ratio of 15, 20, 30, 40, 50, 60, 70 
and 80 per cent the required corre- 
sponding term of years before replace- 
ment to insure no loss and a new per- 
manent structure are 39, 33, 25, 19, 14, 
10, 7% and 4% years respectively. 

In locations where traffic is not heavy 
and adjacent axles of vehicles using the 
highway and having nearly equal 
weights of maximum legal capacity are 
infrequent and where timber or tem- 
porary floor surfacing is used, it may 
be assumed that the H 12% loading of 
our specifications is practically the 
equivalent of our present statutes. 
When concrete or equivalent surfacing 
is used, it is not wise to consider less 
than our standard H 15 specification 
loading, which is just 6/5 of the H 12% 
loading. Impact can not be overlooked - 
in designing such structures and the 
use of a smaller value than our stand- 
ard specification ratio, which has a 
maximum value of 30 per cent, is not 
justified. 

The distribution of loads is a me- 
chanical matter and we can not justify 
any concessions in this regard. The 
unit stresses for temporary jobs have 
inherently our only provision for the 
future increase of traffic and the struc- 
tures of short life we are justified in 
a reasonable increase of unit stresses. 
However, in the case of structural stee] 
members, it is well to so design these 
members that they may at the salvage 
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period be utilized in the new structure, 
in which case the unit stress should not 
be increased. With this general un- 
derstanding, a study will be made of 
the various types and economy and 
desirability of cheaper structures for 
temporary or short life structures as 
well as for a cheaper type of perma- 
nent structure which sometimes war- 
rants consideration. 


The Timber Pile Trestle.—The sim- 
plest and cheapest type of structure is 
the timber pile trestle with timber 
stringers and backwall and with single 
transverse plank floor. Even with this 
elementary type, the question as to ad- 
visability of creosoting or protecting a 
part or all of such timbers must be 
considered. Creosoting usually adds 
about $30 per M feet board measure 
in place or about 50 ets. per lineal foot 
for piling based on a 12-lb. full cell 
treatment. Creosoting of surfacing 
plank need not be considered as such 
plank will, if of good material, wear 
out rather than rot out, but sub plank 
should always be treated as in such 
cases the base plank will be expected 
to outlast at least two and probably 
three surface coats. 


We may, in general, discuss this 
study in the order of the type of con- 
struction proposed for railings, wear- 
ing surfaces, floors, superstructure, 
piers, abutments, and backwalls. Tim- 
bers used may be classified as railing 
posts, rail braces, rails, surface plank, 
base plank, stringers, caps, posts, sills, 
braces, walers, girts, piles, cribs and 
backwall plank. When timber is spe- 
cified for Michigan use, Douglas Fir or 
Long Leaf Southern Pine of dense se- 
lect grade are in general specified for 
all important members and can be rec- 
ommended without exception. There 
is but little choice between full and 
empty cell treatment processes with a 
12-lb. specified retention for this cli- 
mate, although the state’s specifications 
call for the full cell treatment. Wher- 
ever cribs are used, it will be assumed 
that rock or broken concrete will be 
used to fill the crib and provide the re- 
quired bearing and weighting of the 
crib and if capped with concrete that 
the crib shall be so designed as to insure 
that the timbers instead of the rock fill 
take the direct load from the concrete 
to insure against displacement cracks 
in the concrete. 

When piles are driven in soft ground, 
a rock fill should be provided around 
the piles to stiffen them and tend to 
make a number of piles act as a single 
unit. Piles cut off below low water may 
in general be considered as permanent 
and need not be treated. Piles extend- 
ing above water surface should always 
be treated unless for only temporary 
service, a known life of say five years 
or less. When piles extending above 
water surface are required to be 
treated, it must be remembered that the 
entire pile must be treated and only 
that part above water really needs it 
therefore, if any reasonable length is 
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under water we must consider the alter- 
native of cutting off untreated piles be- 
low water and capping with framed 
bents of treated material. In this latter 
case, we may use rectangular sticks 
and secure a much better looking job 
and one in which the bracing is much 
more effective because of vastly better 
connections. 

Roadway.—In considering this study, 
we will keep in mind a design for a 
20-ft. roadway inside of curbs as the 
minimum to be recommended. We will 
also keep in mind a provision for 18- 
in. safety walks as also a necessary 
minimum requirement. We will con- 
sider that for those cases where timber 
stringers are used the standard span 
is 19 ft. center to center of bents to 
correspond with the generally adopted 
practice and permit the use of stand- 
ard 6x14 in. stringers, which are quite 
generally stocked and have adequate 
strength if properly spaced. For the 
longer spans requiring steel beams, a 
standard span of 40 ft. will be con- 
sidered as the minimum which will safe- 
ly pass ice and drift in major streams 
and be fairly safe from excessive scour 
and is suitable for multiple spans in 
large streams. The life of a structure 
is greatly dependent upon its appear- 
ance and it is a serious mistake to 
neglect this item in any attempt to re- 
duce the cost of a structure. At the 
first signs of decay its looks are against 
it and the desire on the part of local 
people to preserve it does not exist. 
Perhaps no part of a structure more 
quickly affects the public opinion in 
this respect than a poor looking or in- 
adequate railing or a poor wearing sur- 
face. 

Railings.—Any satisfactory railing 
should provide that no openings shall 
be large enough to permit a child to 
crawl through them as bridges seem 
to offer peculiar inducements to chil- 
dren to play on them and we have 
record of many complaints and of two 
deaths from such inadequate provisions. 
Such a design requires that horizontal 
rails be spaced not greater than 9 in., 
and preferably 6 in. in the clear, and 
as a railing should have a height of not 
less than 3 ft. there should, therefore, 
be not less than three lines of rail for 
the ordinary timber or gas pipe rails. All 
railings should be able to resist a hori- 
zontal loading of 100 Ib. per lineal foot 
applied at top of rail. 
eraly require for timber rails 6x6 posts 
at about 8 ft. centers adequately bolted 
to the deck to develop its full flexural 
strength, and a flat top cap of not less 
than a 2x6, a 2x8 being preferable and 
generally used in connection with 2x6 
rails. For gas pipe rail, the post should 
generally be 3-in. pipe with specially 
designed anchorage to develop its flex- 
ural strength, this being a glaring de- 
fect of most gas pipe railings, and 
rails of not less than 2-in. pipe. 

Bridge Curb.—Since the curb is so 
integrally related to the railing its de- 
tails will be considered here. Curb 
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should be designed to withstand a load- 
ing of 50 Ib. per lineal foot in either 
a horizontal or vertical direction and 
should be neat looking and wear resist- 
ant, and if of timber, should preferably 
be of white oak. A curb should also 
have a height of about 10 in. to prevent 
wheels climbing it as the railing is in 
general inadequate to resist runaway 
motor trucks. A 6x6 white oak curb 
with bevelled corner would, therefore, 
have to be supported at about 8-ft. in- 
tervals to provide for the above loading, 
and it is good practice to make this 
4 ft. When either timber or concrete 
curbs are used, it is desirable to pro- 
vide 4-in. scupper openings under the 
curb for as large a proportion of the 
length of the bridge as possible, not 
only for drainage but to assist the wind 
in keeping the floor clean from debris 
and snow. Scupper blocks should there- 
fore be short. An 18-in. clear walkway 
will permit pedestrians to keep out of 
traffic and this detail will considerably 
affect railing and curb design, and for 
modern high speed traffic, should al- 
ways be provided. 

The Floors.—For timber floors, this 
walkway will usually consist of trans- 
verse creosoted 2x4’s laid flat and with 
%-in. openings, supported by the curb 
on the inside and by a fascia rail on 
the outside. It is readily admitted by 
all that a timber or gas pipe railing 
is not handsome. A timber guard rail 
of the type noted will cost about $1 per 
lineal foot of rail and gas pipe rail 
about $1.25. A special ornamental 
structural steel railing is desirable when 
concrete curb and fascia are used and 
may be built up in a very satisfactory 
manner, using two 6-in. channels for 
posts and three 3-in. channels for sails 
and 1% x5/16-in. bars for ornamental 
grill treatment and should cost around 
$1.50 per foot. A concrete spindle rail, 
such as is the state’s standard practice, 
will cost about $5 per lineal foot of 
railing. The ornamental steel railing 
is recommended for the type of struc- 
ture here considered with the provision 
of concrete or other terminal design at 
the approaches to properly set the rail- 
ing off and provide a large white sur- 
face warning of the restriction of shoul- 
der width at these structures. 

Approaches.—When timber substruc- 
tures are used, the approach terminals 
may each approximately consist of four 
timber guard posts of 8 in. diameter, 
arranged side by side, with round caps 
and painted white with black caps and 
bases. The law requires parking spaces 
or wide shoulders off of the traveled 
way and restriction at bridges is eco- 
nomically logical and is safe so long as 
the public sticks to the traveled way 
when in motion and a proper and plain 
warning of termination of parking 
shoulders exists. It is impractical and 
financially impossible to provide the 
extra parking width on the type of 
bridges here considered. 

Curb and fascia treatment are very 
important from the standpoint of ap- 
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pearance and, if possible, concrete for 
such purposes is very desirable and 
not expensive even when timber string- 
ers are used but should also be used 
only when either the ornamental steel 
rail, gas pipe or concrete rail are used. 
This should preferably be used only 
when a concrete floor is provided, al- 
though it is feasible for timber floors. 
Curb, safety walk and fascia treatment, 
including slab outside of face of curb, 
is roughly estimated to contain material 
quantities per lineal foot of bridge as 
follows: For concrete slab floors on 
timber stringers, 0.222 cu. yd. of rein- 
forced concrete; for concrete slab on 
steel stringers, 0.146 cu. yd. of rein- 
forced concrete; for concrete slab on 
timber cross ties on timber stringers, 
0.252 cu. yd. of reinforced concrete; for 
timber walks and fascia, 30 F.B.M. of 
creosoted timber. 


The Floor System.—For timber 
stringers either 6x12 stringers for a 
15 ft. span or 6x14 for a 19 ft. span 
will require practically the same trans- 
verse spacing. The spacing transversely 
depends on load distribution through 
the floor, a wheel concentration dis- 
tributing over a greater width with a 
stiff floor and, therefore, permitting a 
wider spacing in such cases. For legal 
loading only, these stringers may be 
spaced 18 in. centers for single 3 in. 
transverse plank floors, either with or 
without gravel asphalt or block sur- 
faces, or may be spaced at 20 in. cen- 
ters for concrete floors and transverse 
plank or ties with longitudinal plank 
surfacing adequately nailed. If it is 
desired to use steel stringers for the 
19 ft. spans, these should be 12 in. by 
6% in. by 34 lb. Carnegie beams at 
the same spacing but can be used up to 
4 ft. spacing and at the smaller spac- 
ings will cost 91 ct. per square foot as 
against 61 ct. per square foot of road- 
way for the creosoted timber stringers, 
but if used at wider spacing for which 
their strength is adequate, say even 
86 in. instead of 18 will cost only 
45 ct. instead of 61 ct. as for timber 
and, being durable, should always be 
used in preference to timber. If a 40 
ft. span is considered and steel string- 
ers used, these may be designed either 
for legal loading and temporary floor- 
ing or for specification H 15 loading 
and permanent flooring so as to be 
adequate for re-use when the bridge 
is rebuilt in the future. 


For economy these beams may and 
should be designed for considerably 
greater spacing than the relatively 
short span timber beams or the steel 
beams of shorter span and a spacing 
of five feet, such as corresponds with 
the state’s practice for its standard deck 
girder bridges, will be considered and 
the different types of flooring will then 
simply affect the weights of the beams. 
For such cases, it is found that 24 in. 
Carnegie beams will satisfy all four of 
the following cases requiring 85 Ib. 
beams for legal loading and timber 
floors, 140 lb. for specification loading 
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and ability to ultimately take a concrete 
floor with wearing surface but with only 
a timber floor at present, 130 Ib. for the 
preceding case but with light concrete 
floor without wearing surface, and 110 
Ib. for state’s standard design. These 
designs for stringers give for timber 
stringers 6.2 and 5.6 F.B.M. or 31.0 
and 28.0 Ib. of creosoted timber per 
square foot of net roadway and for 
steel stringers or beams 22, 37, 34, and 
29 Ib. of steel per square foot of net 
roadway respectively. 


The Floor Material.—Considering 
now the floor material itself, we note 
that the simplest and most commonly 
used material is transverse plank which 
for legal loadings may be used alone 
without other distributing layers for 
stringer spacings not greater than 
about 16 in. for 3 in., 24 in. for 4 in., 
and 48 in. for 6 in. plank, based on full 
thickness plank. If 2 in. longitudinal 
plank is used on top of the transverse 
plank this spacing may be increased to 
about 24 in., 42 in., and 60 in., respect- 
ively. If transverse laminated plank 
are used and adequately spiked contin- 
uously to adjacent plank throughout the 
length of the bridge, stringer spacings 
of 30 in. and 60 in. may be used 
for commercial 4 in. and 6 in. timbers, 
i. e., 2x4’s and 2x6’s. If 2 in. longi- 
tudinal plank is laid on cross ties, 6x6 
ties may be used up to 60 in. stringer 
spacing if spaced longitudinally 12 in. 
center to center, which is about as great 
as the 2 in. plank is good for. 

For legal loadings, a concrete slab 
floor suitable for timber stringer spac- 
ing of 20 in. should have an overall 
average thickness of 4% in., requiring 
0.0159 cu. yd. of Grade A reinforced 
concrete per square foot of roadway 
and weighing about 65 lb. per square 
foot with provision for a 1 in. crown. 
Similarly for the steel beam design, 
such a slab will have an average gross 
thickness of 6% in. and will contain 
about 0.0201 cu. yd. of Grade A rein- 
forced concrete and weigh about 82 Ib. 
per square foot of net roadway. If 
the state’s standard slab and wearing 
surface is provided, the slab will have 
a gross depth of 6% in. and wearing 
surface a depth varying from 3 in. to 
4 in. and will contain 0.0201 cu. yd. per 
square foot of net roadway in the slab 
and 0.0114 cu. yd. per square foot in 
the wearing surface with a correspond- 
ing total weight of 128 lb. per square 
foot. 
Wearing Surfaces.—Wearing sur- 
faces on timber floors may, for plank 
adequately fastened down, be 2 in. lon- 
gitudinal wood plank, wood block, Carey 
asphalt plank, asphalt block or brick or 
may be concrete and will contain 2 ft. 
board measure per square foot, weigh- 
ing 10 lb. per square foot, four and 
one-fourth wood blocks per square foot 
weighing 15 Ib. per square foot, 1 sq. ft. 
of 2 in. Carey plank weighing 19 Ib. 
per square foot, four and one-fourth 
asphalt block or brick weighing ap- 
proximately 21 Ib. per square foot, or 
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0.0132 cu. yd. (4% in. average) Grade 
A concrete per square foot and weigh- 
ing 53 lb. per square foot respectively. 
Evidently the timber floors themselves 
will contain for 3 in. plank or laminated 
floor three F.B.M. weighing 15 lb. per 
square fvot, for 4 in. plank or laminated 
floor four F.B.M. weighing 20 lb. per 
square foot, and for 6 in. plank six 
F.B.M. weighing 30 lb. per square foot, 
and for 6x6 ties at 12 in. center to cen- 
ter only the same quantities and 
weights as for 3 in. plank, indicating 
the economy of this construction. Tim- 
ber bridging at the third points should 
be provided for each pair of timber 
stringers and concrete diaphragms not 
less than 6 in. in thickness provided at 
the quarter points for each pair of 
steel stringers. 


Design of Substructure.—We are now 
ready to consider the substructure de- 
sign. The combined dead and live and 
impact loads for legal loading with tim- 
ber floors and for specification loading 
with concrete floors and wearing sur- 
faces will be approximately 85,000 and 
187,000 Ib. for piers eoncentrations and 
69,000 and 138,000 lb. for abutment con- 
centrations respectively for the 19 ft. 
spans with timber stringers and for the 
40 ft. spans with steel beams, 126,000 
and 301,000 for piers and 84,000 and 
178,000 for abutments respectively. 
These loadings in themselves will re- 
quire 4, 10, 4 and 7 piles for the 19 ft. 
spans and 6, 16, 4 and 9 piles respec- 
tively for the 40 ft. spans, assuming 
that all piling will be of 10-ton capac- 
ity and disregarding the substructure 
weights and other outside forces. It 
is not safe for general design of pil- 
ing to assume any greater capacity 
than 10 tons and it is often impossible 
to secure more than about 6 or 7 tons. 


Piling extending above the water sur- 
face should be adequately braced, brac- 
ing fastened at each intersection by at 
least one % in. bolt and additional 
boat spikes, or log screws of adequate 
length and bracing, should be arranged 
on each side of the piles to be effective 
and if water is of appreciable depth, 
bracing should extend about 3 ft. below 
water surface, particularly in soft soils. 
This may be readily accomplished by 
bolting on the brace just at water sur- 
face when it is estimated from driving 
other piles that about 8 ft. additional 
driving will give the required bearing 
capacity. The above figures readily in- 
dicate the inadequacy of the customary 
4-pile bent for many of the structures 
so frequently encountered. They also 
indicate the necessity for double bents 
for piers for 40 ft. spans with concrete 
decks, as it is impractical to drive piles 
at closer intervals than about 2 ft. 6 
in. and a 20 ft. roadway does not permit 
a cap length which will take over 10 
piles at this close spacing. . The size 
of caps and sills is well standardized at 
10 x 12’s and for 10-ton pile loadings 
a cap or sill of this size may be con- 
sidered as able to distribute a 10-ton 
central loading over a spacing of piles 
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or posts of about 6 ft. A luv x 12 post 
in the customary heights is well able to 
take the loads for this spacing and, 
therefore, for close pile spacing it is 
economical in such cases to cut off piles 
below low water and use creosoted 
framed bents of 4 posts each above 
water. 

It is easy to show also that there is 
but small and negligible increased cost 
for such construction even when pile 
spacing is greater, and for standard 
construction, this design is recom- 
mended. A vast improvement in ap- 
pearance is thus guaranteed and more 
rigid bracing assured. For such framed 
bents, it is desirable that at all joints 
a % in. steel plate be adequately 
bolted on each side to all intersecting 
members. Such construction will re- 
quire, however, that the flexural 
strength of the piles for load compo- 
nents at right angles to the bents be 
made up by bracing the adjacent bents 
in pairs and this must be done ade- 
quately and in a manner that will not 
catch ice and drift. For low bents, 
this bracing may often be dispensed 
with but bolted scab splices of steel 
plates are desirable in such cases, lap- 
ping over piles, and bottom of posts a 
sufficient distance to permit developing 
a fair proportion ef the pile strength 
in flexure. 

Double Bents.—For double bents, the 
bents must be spaced about 2 ft. 6 in. 
to’ permit driving of piling and the ad- 
jacent bents must be rigidly bolted and 
braced to each other. For comparison 
and to give a general idea of costs in a 
later summation, it will be assumed 
that our typical bridge has a height 
from bed of stream to necessary under- 
clearance of 8 ft. 6 in. with a stream 
depth of 2 ft. 6 in. at low water, 3 ft. 
6 in. at normal water, and pile cut- 
off 1 ft. 6 in. below low water and an 
average pile penetration of 15 ft. For 
such conditions, we will have for single 
bent piers of 4 and 10 piles respec- 
tively 910 ft. board measure of creo- 
soted lumber and 76 lin. ft. of piling 
or 910 ft. B. M. of creosoted lumber 
and 190 lin. ft. of piling likewise for 
double bents of a total of 10 and 16 
piles respectively, we will have 2,000 ft. 
B. M. and 190 lin. ft. and 2,000 B. M. 
and 304 lin. ft. respectively. The above 
figures may also be used substantially 
for abutments of 4 and 10-pile single 
bents provided the piles do not also 
serve to support plank or other re- 
taining wall units 

Timber Cribs.—When hard bottom is 
encountered and piling absolutely can 
not be driven, it being always kept in 
mind that piling is superior from the 
standpoint of safety from ccour, it be- 
comes necessary to excavn‘e in open 
water a depth of say about % ft. below 
bed of stream and sink an untreated 
timber crib to proper bearing and pro- 
ceed to fill the same with rock or broken 
masonry and to likewise fill the entire 
excavated space outside of and around 
the crib with a liberal filling of similar 
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material. For ordinary structures, 
cribs made of 6 in x 8 in 8 ft.—0 in. ties 
in good condition will prove adequate 
and economical, care being taken to 
seat the cribs firmly on hard bottom and 
to level the bottom off carefully before 
placing. 

Every intersection of cribbing ma- 
terial should be firmly fastened by % 
in. headless dowels of a length sufficient 
to pass through two sticks, lacking only 
1 in., and to provide that the two bot- 
tom layers shall be closely spaced, say 
6 in. clear, to adequately support the 
rock fill, a small part of which must 
also be counted on to provide the 
weight for sinking the crib. 8 x 8 cribs 
should be placed closely alongside to 
build up a pier of adequate length. Such 
piers provide a bearing area on timber 
surfaces of 576 sq. in. per 8 x 8 crib, 
which is amply adequate for any load- 
ing that may be anticipated. 

Each such crib also provides a bear- 
ing area on the soil of 112 sq. ft. which, 
at two tons per square foot, is easily 
able to sustain a total load of 224 tons 
which will permit the use of a concrete 
pier on top of the crib, the crib itself 
being adequate for this load indepen- 
dent of the support of the rock fill 
which would be questionable in itself 
due to its tendency to shift position 
of particles under the action of the 
stream and ice. Timber cribs of this 
type will contain 1,344 F. B. M. in the 
two bottom courses of aggregate 
height of 1 ft. and 576 ft. B. M. per 
each additional foot of crib height, with 
a corresponding crib rock fill of 5.5 
cubic yards per foot of height above 
the two bottom courses. For the as- 
sumed conditions, the top of crib will 
be 6 in. below low water and will con- 
tain for one pier of abutment 3,648 ft. 
B. M. untreated timber and 22 cu. yd. 
of rock fill, to which should be added 
the fill around the crib of about 54 cu. 


yd. or a total of 76 cu. yd. of rock fill. 


Abutments.—In the design of abut- 
ments, it is common practice to use 4 in. 
horizontal plank back of the piling and 
this is adequate for practically any 
ordinary case which may be en- 
countered, provided the pile spacing 
does not exceed about 6 ft. Such back 
walls should extend below probable 
scour line and we will assume they ex- 
tend to 1 ft. below low water and that 
the bank slope cuts the back wall at 
an elevation 2 ft. above normal water 
and that the bank consists of firm ma- 
terial. At a 6 ft. pile spacing, this 
back wall will require 1,800 ft. B. M. 
creosoted lumber and 4 additional piles 
of 23.5 ft. average length or 94 lin. 
ft. of creosoted piling per abutment. 
The piles, in addition to taking vertical 
loading, are subject to a very severe 
flexure. At 6 ft. spacing of piles, this 
Toad alone would tax the design limit 
of such piling for wunderclearance 
heights above low water of only 7 ft. 

It is apparent that for most abut- 
ments of this type piling is seriously 
overloaded and in face of this pile 
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spacing should be limited to 2 ft. 6 in. 
for piles taking combined superstruc- 
ture and back wall loading and to 5 ft. 
outside, and that this type should not be 
used for heights above the figure noted. 
The proper solution in such cases is 
an earth filled tie crib design similar 
to the under-water cribs previously de- 
scribed with the omission of the two 
bottom courses and constructed in- 
pendently behind the pile bent, it beine 
estimated that this crib relieves the 
piles, requires but little more excava- 
tion in general, and contains but little 
more backfill with no borrow and pre- 
sents a much better appearance if well 
built and contains 4,850 ft. B. M. of 
creosoted timber per abutment. 


Concrete Piers.—In case a concrete 
pier is required or desired, the footing 
should extend 6 inches lower than the 
top of crib or pile caps as the case 
may be and will be formed on a rock 
fill around the piles after topping the 
rock fill with gravel. The bottom of 
footings will thus be 2 ft. below low 
water. Footings 6 ft. by 1 ft. 9 in. 
gross depth should be the minimum 
section used and are adequate for the 
heaviest loading here considered. Such 
footing will in general be tremied in 
place without pumping but using a rich 
concrete or a form may be used and a 
seal course placed in addition to the 
footing and the form pumped and con- 
creted in the dry. 

The pier shaft may be a 12 in. rein- 
forced wall 5 ft. 3 in. high to bridge 
seat terminated and intermediately 
braced with four 2 ft. 6 in. by 1 ft. 3 
in. pilasters on each face, to provide 
not only stiffness but also an adequate 
resistance to ice and drift. The bridge 
seat should be 2 ft. 8 in. by 1 ft. 3 in. 
section to furnish proper bearing and 
adequate aesthetic treatment. Such a 
pier design is recommended for use 
with tie cribs of design previosuly de- 
scribed and also for use on pile founda- 
tions. Such a pier for the conditions 
herein considered will contain about 16 
cu. yd. of concrete and 3,400 lb. of re- 
inforcing steel, including bridge seats, 
which contain two I-beams for seating 
the longitudinal steel girders or timber 
stringers. For such piers on pile 
foundations, there should be provided 
20 piles per pier or a total of 440 lin. 
ft. of untreated piles and 600 ft. B. M. 
creosoted caps. There will also be re- 
quired in general about 40 cu. yd. of 
rock fill per pier if piles are used. 


Concrete Abutments.—For concrete 
abutments on pile foundations for these 
assumed conditions, a semi-gravity type 
is economical and a footing similar to 
the previously described pier design is 
desirable. Such a footing should have 
a minimum section about 8 ft. by 1 ft. 
9 in. gross depth. The body will be 
about 38 ft. long to permit straight 
wings and straight sloping concrete 
back walls. The body wall should have 
a minimum thickness at top of 1 ft. and 
at top of footing of 6 ft. 6 in. with re- 
entrant back batter. The back walls 
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will be considered as 1 ft. thick and 
monolithic with the floor slab, the 
stringers being extended flush with the 
back of the abutments and the back 
wall lapping over behind the abutment 
wall to a depth about 6 in. and clearing 
the same by 1 in. to permit of expan- 
sion, the gap at the bottom of back 
wall being waterproofed with triple 
folded asphaltic membrane. The back 
wall wings should be reinforced prop- 
erly for the cantilever projecting a 
length of about 7 ft. 

The abutment wings will be returned 
in U shape to be terminated by a ver- 
tical plane flush with the rear of the 
abutment footing. This design will re- 
quire about 37 piles for each abutment. 
Such a design will contain about 47 cu. 
yd. of concrete, 3,500 Ib. of reinforcing 
steel, and 700 lin. ft. of untreated piles 
and 950 ft. B. M. of creosoted caps. It 
should not necessarily require any rock 
filling. If designed to a seat on a rock 
filled crib, the same general details of 
crib design used for the pier will suffice 
and such an abutment design requires 
but little modification from that already 
described but the crib will require about 
5,750 ft. B. M. untreated timber and 120 
eu. yd. of rock fill. 


Cost Comparison.—We are now in po- 
sition to sum up the results of our 
study and then decide as to just how 
desirable from the standpoint of the 
capitalized saving ratio, as well as from 
the factor of initial investment reduc- 
tion, the various types proposed really 
are. Our comparison will be based on 
three bridges of about 40 ft. total span 
of cheap timber grade, cheapest per- 
manent type and State’s standard type 
as hereinafter more completely de- 
scribed, then three more bridges of 
about 80 ft. overall span of similar 
make-up. For a bridge of 39 ft. length, 
consisting of two timber spans of 19 
ft. each, we find that the following 
quantities are required: 

For 3 in. transverse plank floor on 
timber stringers, legal loading, plank 
walkways, timber railing, on creosoted 
framed abutment and pier bents on 
under water untreated piling with creo- 
soted plank backwalls, we need 14.71 
M. B. M. creosoted timber, 0.51 M. B. M. 
untreated timber, 416 lin. ft. untreated 
piling which, together with rock fill 
pier protection and excavation, are es- 
timated to cost about $2,377 or an aver- 
age of $3.05 per square foot of net 
roadway surface secured, these figures 
being exclusive of engineeriing and 
supervision. This is the cheapest de- 
sign for the conditions assumed which 
would be considered as desirable. This 
i. be hereafter referred to as Bridge 

For a single span of 42 ft. length 
with concrete slab floor on steel string- 
ers, H 15 or specification loading, with- 
out weariing surface, concrete curb, 
walkway and fascia, ornamental steel 
railing, concrete abutments on un- 
treated timber piles, together with rock 
protection at pier and excavation, we 
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need 32.7 cu. yd. of Grade B concrete, 
94.0 cu. yd. of Grade C concrete, 28,600 
lb. of structural steeel, 4,650 Ib. of re- 
inforcing steel, 84 lineal ft. of metal 
railing, and 1,400 lin. ft. of untreated 
piling, which is estimated to cost about 
$6,919 or an average of $8.25 per 
square foot of net roadway surface 
secured. This is the cheapest design 
for the conditions assumed which will 
give a permanent type of structure. It 
has its limiting conditions for use as 
compared to the state’s standard de- 
signs and is otherwise less desirable but 
it can properly be classed as perman- 
ent construction. This will hereinafter 
be referred to as Bridge B. 

For the same conditions, the state’s 
standard designs for a 40 ft. span with 
22 ft. roadway with 18 in. safety walks 
and concrete wearing surface on semi- 
gravity concrete abtuments with foot- 
ings extended to 3 ft. below stream bed, 
no tremie concrete, and on untreated 
timber piles, it is estimated that we will 
require 57.0 cu. yd. of Grade B concrete, 
175.0 cu. yd. of Grade C concrete, 23,- 
000 Ib. of structural steel, 9,900 Ib. of 
reinforcing steel, and 766 lin. ft. of un- 
treated piling, and it is estimated that 
such a structure would cost about $9,- 
160 or $10.30 per square foot of net 
resulting roadway. This will be referred 
to as Bridge C. 

We will now consider similar bridges 
as follows: Bridge AA same as 
Bridge A but with 4 spans of 19 ft. or 
a total length of 77 ft.; Bridge BB same 
as Bridge B but with 2 spans of 40 ft. 
or a total length of 82 ft.; and Bridge 
CC same as Bridge C but with 2 spans 
of 40 ft. each or a total length of 80 
ft. Bridge AA will contain 24.7 M. B. 
M. creosoted timber, 1.01°M. B. M. un- 
treated timber, 380 lin. ft. untreated 
piling, and is estimated to cost about 
$3,681 or an average of $2.38 per square 
foot of net roadway secured. Bridge 
BB will contain 63.6 cu. yd. of Grade 
B. concrete, 110 cu. yd. of Grade C 
concrete, 56,000 Ib. of structural steel, 
18,100 Ib. reinforcing steel, 164 lin. ft. 
of metal railing, 1,780 lin. ft. of un- 
treated piling, and 76 cu. yd. or rock 
protection, and is estimated to cost 
about $10,897 or $6.66 per square foot 
of net resulting roadway. Bridge CC 
will require 114 cu. yd. of Grade B con- 
crete, 240.5 cu. yd. of Grade C concrete, 
46,000 Ib. of structural steel, 17,380 Ib. 
of reinforcing steel, and 1,246 lin. ft. 
of untreated piling, and is estimated to 
cost about $14,831 or $8.40 per square 
foot of net resulting roadway. 

Assuming Bridges C and CC as 
standards, the saving ratio S divided 
by Co will be 70.5 per cent, 20 per cent 
72 per cent, and 20.6 per cent for 
Bridges A, B, AA, and BB respectively 
and these cheaper types may thus be 
economically scrapped after periods of 
exist of 74%, 33 6%, and 32 years re- 
spectively. Similarly, if Bridges B and 
BB be considered as the standard, be- 
ing permanent types, the saving ratio 
for Bridges A and AA would be 63 per 


249 


cent and 64 per cent respectively and 
would warrant scrapping after 6% 
years in each case. 

If hard bottom requires the use of 
cribs instead of piling for Bridges B 
and BB, the costs of these jobs will be 
increased by $815 and $1,130 or by 11.6 
per cent and 10.4 per cent respectively. 
If a crib backwall is used instead of 
the plank backwall, Bridges A and AA 
will be increased in cost by $508, an 
increase of 21.4 per cent and 13.8 per 
cent respectively. 

The use of untreated longitudinal 
plank wearing surfaces on creosoted 
transverse plank is not warranted ex- 
cept in maintaining existing bridges 
since 2 in. plank on 6 x 6 cross ties is 
just as cheap and much stronger and 
more rigid. This type of floor will in- 
crease the cost of Bridges A and AA 
by about $156 and $308 respectively or 
only 6.6 per cent and 8.4 per cent re- 
spectively and this additional expense 
is well warranted in consideration of 
the reduction secured in the average 
annual maintenance charge. 

Two inch Carey plank instead of 2 in. 
timber plank will likewise increase the 
cost of Bridges A and AA by $700 and 
$1,380 or by 29.5 per cent and 37.5 per 
cent respectively. The saving, by using 
2 inch longitudinal plank instead of 
Carey plank, is $544 and $1,072 re- 
spectively or there is a saving ratio of 
77.5 per cent in either case, which in- 
dicates that the plank floor must last 
about 5% years to justify the use of 
the timber plank, provided, however, 
that the Carey asphalt plank must give 
satisfactory service for a period of at 
least 17 years. However, inasmuch as 
8 or 4 years is considered good service 
for 2 in. plank and the probable life of 
the Carey plank around 10 it would ap- 
pear that, with good timber plank, 
aside from the nuisance to the public 
from renewals, that the case was about 
even for either type at present prices 
of Carey plank, a 3 or 4 year life of 2 
in. plank requiring 11 to 14 years life 
of Carey plank for equal annual 
charges. 

The longitudinal plank is the lightest 
and cheapest of all wearing surfaces 
and is very rigid. However, a concrete 
wearing surface either on timber 
stringers for the 19 ft. spans or on 
6 x 6 cross ties for either the 19 or 40 
ft. spans with steel stringers costs but 
very little more than the longitudinal 
plank and is, of course, much heavier 
but for new design, it should always be 
used instead of any other surfacing 
since its annual charge is negligible in 
addition to practically no increased cost. 

From the studies just made, it will 
be found that the cost of superstruc- 
ture for Bridges AA, BB, and CC re- 
spectively is $2,290, $5,170, and $6,588, 
or $1.47, $3.15, and $3.72 per square 
foot of net roadway, or the ratio of 
cost of superstructure complete to the 
entire cost of structure is 62.2 per cent, 
47.5 per cent and 44.3 per cent respec- 
tively. In many cases, the cost of abut- 
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ments can be almost eliminated by the 
addition of a short length of super- 
structure and thus securing the ad- 
vantages of high banks. If one span of 
superstructure is added, this also adds 
a pier but saves a large portion of the 
abutment cost or, in general, the extra 
span should be added if S is equal to or 
less than P-(B1 — Bo) where S is the 
cost of one span of superstructure, P 
the cost of one pier, B1 the cost of one 
original abutment, and Bo the cost of 
the new or shallower abutments. 

In the preceding studies, the saving 
ratio for Bridges B and BB are not 
large enough to make the saving at- 
tractive in view of the fact that while 
these structures are of the permanent 
type they are somewhat inferior in ap- 
pearance and have not the protection 
from scour afforded by Bridges C and 
CC. However, in deeper water and in 
the soft foundations, the saving ratio 
for this type will be much greater and 
will approach 50 per cent corresponding 
to a life period of only 14 years and 
unquestionably such a saving justifies 
the construction of this type on even 
our trunk line highways. The saving 
ratio for this type should always be 
carefully investigated before proceeding 
to design a CC type of bridge. 

In conclusion, we may in general, 
subject to the limitations of this study, 
say that when the limitation of money 
available or other reasons make it in- 
advisable or impractical to adopt the 
state’s standard bridge practice for 
permanent structures, it is not ordinar- 
ily desirable to adopt any intermediate 
designs for a cheaper structure but 
rather that we should go to the Type 
A bridge or a modification of this type 
using steel stringers instead of timber 
and provided further that a concrete 
floor on the 20 ft. roadway strip should 
be used instead of the plank assumed in 
this study for the Class A bridges. The 
work should be carefully and neatly 
done, painted and creosoted parts 
neatly finished and approaches as well 
considered and cared for as for a per- 
manent structure. It is very apparent 
that such timber structures are easily 
susceptible to standardization and it is 
the hope of the State Highway Depart- 
ment that it will be able to prepare and 
make available, for the free usage of 
public highway authorities, standard 
plans and specifications along the lines 
outlined in this paper, during the 1928 
season. 

Acknowledgment.—The foregoing is 
a paper presented at the 14th Annual 
Michigan Conference on Highway En- 
gineering, held at the University of 
Michigan, Feb. 14 to 17, 1928. 


A 500 Lb. Portable Plant for 





Maintenance 
The Madsen Junior is a complete, 
self-containing asphalt paving plant 
that includes modern features that lead 
to accurate and careful proportioning 
and mixing at a low cost. It has been 








ROADS AND STREETS 














The Madsen Junior Asphalt ‘Paving Plant 


designed for the low cost patching, re- 
surfacing, and general maintenance of 
asphalt roadways and for the paving 
of alleys and crossings, for the adding 
of shoulders, and for other limited sur- 
face jobs. 

This plant has been designed to de- 
liver 60 to 75 tons per 8-hour day of 
regular specification mix, in 500-]b. 
batches on one-minute mix schedule, 
and should be able to cover surfaces in 
appreciable yardages without waste of 
labor or materials. Although its rated 
capacity is as stated above, the manu- 
facturers claim an actual capacity of 
15 tons per hour. The total net weight 
is 20,280 lb., and is built low enough 
to pass under trolley wires and nar- 
row enough to require no special per- 
mit to move over street or highway. 
It requires a crew of one platform* 
man and two shovelers. It is spring 
mounted on 36 in. by 7 in. front and 
36 in. by 7 in. dual rubber tired rear 
wheels, and possesses a special steer- 
ing linkage which insures precise track- 
ing behind a truck or tractor when 
towed to location. 


The production machinery comprises 
a bucket and belt elevator with receiv- 
ing boot and headshaft hopper and 
chute, a 32 in. diameter by 10 ft. ro- 
tary dryer, a tapered three-sized 
rotary screen, and four-compartment 
stone and sand bin with quadruple bin 
gate, a 500-Ib. capacity steel weigh 
box, mounted on 8 to 1 hardened steel 
knife-edged weigh beams and register- 
ing on a Chatillon dial scale, and a 
500-lb. capacity two-spindle pug mill 
mixer with hard white iron renewable 
bottom and paddles. 

The asphalt handling equipment con- 
sists of a 350-gal. steam heated tank 
with a special melting turret for han- 
dling barreled asphalt, a cylindrical as- 
phalt weigh bucket hung upon 1 to 1 
knife-edged weigh beam registering 


-upon a Chatillon dial scale, the weighed 
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asphalt flowing to the mixer through a 
distributing fan chute. A davit and 
power winch lift the barreled asphalt 
up to the melting turret. 


Low pressure steam, superheated to 
any desired degree, is supplied to the 
asphalt heating coils from an Allen 
steam generating unit. Steam from 
the same source operates the dryer oil 
burner, which is designed to operate 
at low pressure. This generating unit 
consists of a generator and a No. 
4% B Root Rotary Blower of 100 cu. 
ft. per minute capacity at 5 lb. pres- 
sure, the blower being gear driven 
from the Hercules engine stub shaft. 
The Allen Generator, taking air at 5 
Ib. pressure from the blower, burns oil 
fuel and generates steam at about 4% 
lb. pressure with any desired degree 
of superheat. Its operation, once 
started, is practically automatic and 
quite easy. 


The entire plant is powered with a 
30 hp. Model O Hercules gasoline 
power unit, equipped with fuel tank and 
radiator in an enclosed housing, with 
a 4 to 1 reduction gear and clutch. It 
is manufactured by the Madsen Iron 
Works, Huntington Park, California. 





New Mexico to Extend High- 
way Culverts 


The State Highway Department of 
New Mexico has issued instructions to 
all the district engineers throughout 
the stae to immediately begin length- 
ening out all culverts which are too 
short and form a menace to traffic. The 
headwalls on many of these culverts 
at the present time project within the 
shoulder lines of the road, and as a 
result autos frequently run into them 
causing serious accidents. These head- 
walls are to be removed and the exist- 
ing culverts extended from 4 to 6 ft. 
on each end. This order is universal 
throughout the state and the work of 
correcting this fault is to begin im- 
mediately. 


In the past some attempt has been 
made to warn autoists concerning this 
undesirable condition by setting up 
posts painted white. These have not 
been altogether satisfactory, although 
a certain amount of good has been done. 


According to the April New Mexico 
Highway Journal the work contem- 
plated under this order will not only 
relieve the dangerous condition which 
exists at many places on many of our 
main highways but it will facilitate 
maintenance. Many of the headwalls 
form obstructions to maintenance equip- 
ment because of the fact that these 
headwalls are within the shoulder lines 
of the road and consequently offer in- 
terference to ordinary maintenance 
methods which contemplate the cover- 
ing of the roadway from shoulder line 
to shoulder line. 


























1928 
History of Highways 


An Outline Given in Paper at 1928 
Michigan Conference on High- 
way Engineering at University 


of Michigan 
By JOHN S. WORLEY 


Professor of Transportation, University of 
Michigan. 


In writing a history of highways— 
confining ourselves to highways for 
wheeled vehicles—we can be very sure 
that the earliest records we have—com- 
pared with the time when artificial 
highways were first used, may be quite 
modern. 

We can best learn about our earlier 
highways by studying the vehicles 
which used them, for we have records 
of these early wheeled vehicles although 
the highways over which they traveled 
are entirely eradicated. The perfection 
in which we find these first vehicles is 
such that we know they can only be the 
resultant of many centuries of evolu- 
tion. 

The Stone Age Vehicle.—Our first 
written record of vehicles is found in 
the Swedish rock sculpturing in South- 
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ern Sweden, consisting of four-wheeled 
vehicles drawn by two horses. “It can- 
not be doubted that these pictures be- 
long to a pure stone age, but we do not 
know how long ago this stone age was. 
It may well be as much as 10,000 to 
20,000 years before our young era.” 


These sculpturings are crude as are 
all rock drawings, however, the ad- 
vancement of the art of wagon building 
is shown by the wheels having spokes. 


The Causeway for the Pyramids.— 
The stones for the first Egyptian pyra- 
mid constructed during the IV dynasty 
(2800 B. C. Breasted,—5000 B. C. 
Petrie) were brought from the Arabian 
mountains to the Nile; thence by water 
to within a short distance of the site 
of the pyramid. From here the large 
blocks of stone-were transported over 
a causeway for the construction of 
which “Ten years were consumed in 
hard labor of forming the road through 
which these stones were to be drawn; 
a work, in my estimation, of no less 
fatigue and difficulty than the pyramid 
itself. This causeway was five stedia 
(3,000 ft.) in length, forty cubits (20 
ft.) wide, and its extreme height thirty- 
two cubits (16 ft.), the whole is of pol- 
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ished marble, adorned with figures of 
animals.” 


Pococke who traveled in Egypt the 
first half of the 18th Century found 
“at this time there is a causeway from 
that part, extending about 1,000 yards 
in length, and 20 ft. wide, built of hewn 
stone. The length of it agreeing so 
well with the account of Herodotus, is 
a strong confirmation that this cause- 
way has been kept up ever since, 
though some of the materials of it may 
have been changed, all being now built 
with free-stone. It is strengthened on 
each side with semicircular buttresses, 
about 14 ft. in diameter, and 30 ft. 
apart; there are sixty-one of these but- 
tresses, beginning from the north. 
Sixty feet farther it turns to the west 
for a little way, then there is a bridge 
of twelve arches, 20 ft. wide, built on 
piers that are 10 ft. wide. Above one 
hundred yards farther there is such 
another bridge, beyond which the 
causeway continues about one hundred 
yards to the south.” 

Norden, another English traveler, 
about the same period as Pococke also 
mentions the two bridges. ; 

Our next record is found in the Bible 
1740 B. C., when Pharaoh commands 
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that wagons shall be sent to b:ing the 
families of the brothers of Joseph to 
Egypt. 

We find on the wall of the temples 
of Ninevah and Karnak sculpturing 
showing most perfect chariots and 
horses. Vehicles with the horses and 
accountrements having such perfection 
in detail is prima facia evidence of im- 
proved highways. 

The Cnossos Road.—The oldest arti- 
ficial road extant is one in Cnossos, 
Crete. “The Palace of Cnossos was 
approached from the wést by a paved 
Minoan Way communicating with a 
considerable building on the opposite 
hill.” This road was constructed prior 
to 1500 B. C. Today it is intact, having 
a surface of paving stones which is 
sufficiently smooth for the satisfactory 
operation of a modern motor car. It 
has much of the appearance of a mod- 
ern road. The roadway is about 10 ft. 
in width. Unfortunately, as far as I 
have been able to ascertain, no cross 
section of the roadbed has been taken 
or a study made of the construction 
details, 

In the Metropolitan Art Museum of 
New York City is an Etruscan chariot, 
of about 750 B. C. Its body, wheels 
and pole were encased in beautifully 
embossed bronze. The wheels are 
fitted with iron tires % in. thick and 
% in. wide. In design, construction 
and all other features it has the per- 
fection of a 20th Century vehicle. 


The Roman Roads.—In passing to 
the construction of the great road 
system of the Roman Empire, at- 
tention is called that the Cartha- 
genians prior to the Roman civ- 
ilization had a system of artificial 
highways, about which we know but 
little. It is reasonable to suppose, in 
the adoption of a system of roads, the 
Romans patterned after the Carthagen- 
ians. 

The construction of this great sys- 
tem of Roman roads began sometime 
about 400 B. C. and continued for 600 
years, until by 200 A. D. there were 
70,000 miles of improved roads. There 
were 29 great military highways which 
radiated from Rome in every direction, 
comprising a total of 48,500 miles.‘ 
Every province of the Roman Empire 
was connected with the capitol by one 
of these main roads, and in addition 
there were many secondary roads for 
local use. While these roads were 
termed military roads their principal 
use was that of commerce. 

Details of Roman Road.—The physi- 
cal features of the Roman road will be 
of great interest to us. These high- 
ways were laid out in as direct routes 
as the topography of the country would 
permit.’ “In the low and level grounds 
the roads were elevated to a consider- 
able height above the adjoining lands 
and afforded an extensive view of the 
surrounding country.” The Roman 
construction was not uniform, though 
always extremely massive. The road- 


way ranged in width from 16 to 30 ft. 
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with a depth of 3 to 4 ft., and laid in 
3 or 4 courses. The top soil was re- 
moved, 2 or 3 ft. in depth, until a firm 
foundation was reached; and in case of 
soft ground all the soft material was 
removed and replaced by firm material 
or piling and grillage of brush, timber 
and such was used so as to obtain a 
firm foundation. The Romans seemed 
to understand how to avoid having poor 
pavement due to bad subsoils. 


The first or bottom section, the statu- 
men, was composed of two courses of 
flat stones laid dry or in lime mortar. 
The depth averaged 16 to 18 in. 

The second course, the rubus, was 
composed of broken stone mixed with 
lime in the proportion of one part of 
lime to three parts of stone. This 
course ranged from 6 to 9 in. deep. 

Section three, the nucleus, was com- 
posed of coarse gravel and lime used 
hot, or bricks or broken tile mixed with 
lime and covered with a thin layer of 
lime mortar. 

The top or surface of the road, the 
summa crusta, or pavementum was 
constructed of smooth surface poly- 
gonal blocks of granite or hard lava 
joined with a nicety that scarcely any 
seam or crack could be seen. This 
course was 6 in. thick. 

Each edge of the paved surface was 
provided with a curb of stone 2 ft. wide 
and 18 in. high. 

Sometimes a narrow side road 6 to 8 
ft. wide flanked the main pavement.’ 

The foregoing approximates the di- 
mensions and construction features of 
the Appian Way. 

The care of the roads was entrusted 
to a person of high rank. The office of 
Superintendent of Highways, or Cura- 
tor Viarum as it has been called, was 
one of great dignity and honor. Julius 
Caesar was the first to hold this office. 

Paving in Roman Cities.—We find 
that the streets of the principal cities 
of the Roman Empire were paved. Ar- 
cheologists exploring the ruins of these 
ancient cities report not only of finding 
pavement and sidewalks but signs of 
dense travel in the ruts worn in the 
pavement by the wheels of the wagons 
and chariots which passed over them. 
Camillius in 396 B. C. gave ladies the 
right to drive their carriages through 
the streets which privilege was with- 
drawn in 190 B. C. Lycurgus, 800 B. 
C., in reforming Athens forbade the use 
of carriages by women. His own wife 
violated the law, and was arrested and 
fined 6000 drachms ($600.00). So we 
see that traffic regulation is not a prob- 
lem new to municipal officers. 

The road program of the Romans 
reached its zenith by 200 B. C. Paved 
roads had been constructed in every 
important province. By this time they 
had built extensive road systems in 
England, France, Spain, Egypt, Ger- 
many, Arabia, Asia Minor and Northern 
Africa. With the beginning of the 
decline of the Roman Empire road 
building ceased, which was followed by 
the roads going unrepaired. 
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The First English Law for Roads.— 
During the Dark and Middle Ages no 
roads were built and the only travel 
was by foot or upon the back of ani- 
mals. It was in 1285 A. D. tht Parlia- 
ment passed the first act regarding 
highways in England which act re- 
quired all trees and brush to be cleaned 
on each side of the Kings highways for 
a distance of 200 ft. This was to pre- 
vent concealment of robbers.* 


In 1555 Parliament passed an act 
providing for surveyors to have charge 
of the roads, however, these were all 
earth roads which much of the time in 
the winter were next to impassable. 

In 1556 France built a stone road, 15 
ft. in width, between Paris and Orleans, 
a distance of approximately 100 miles. 
This can be said to be the Renaissance 
of improved road building. However, 
it was not until the very last of the 
18th century when John Loudon Mc- 
Adam returned from America to Scot- 
land coupled with the work of Telford 
that road building began in earnest. 
The improved facilities for transporta- 
tion, at the beginning of the 19th Cen- 
tury, in England and all Europe, furn- 
ished the means for rapid commercial 
growth of all these countries. These 
highway transportation facilities were 
being further augmented at the time, 
1800, by large systems of inland canals, 
and were further added to by the great 
railway systems which had their begin- 
ning in 1830. 

From 1830 on to the present time 
England and all European countries 
have had their transportation facilities 
enlarged each year by additional mile- 
age of railroads and surfaced high- 
ways. The cultural and commercial 
growth during this period exceeds that 
of all prior time. 

The Development of Transportation 
in the U. S.—The history of the devel- 
opment of our transportation facilities 
in America can be given in the follow- 
ing order: 

1. Unimproved highways; 

2. Canals, 1800 to 1840; 

3. Railways, 1830 to date; 

4. Improved highways, 1910 to date. 

It is true we had a few improved 
highways prior to 1910 but the decade 
1910 to 1920 is when we began in 
earnest to construct improved roads. 
And it is within the last two decades in 
which we have had the greatest devel- 
opment. 

You will readily recognize I have 
given you the merest outline of the 
history of highways. It obviously 
represents or is an epitomization of a 
more detailed history covering a period 
of approximately 7,000 years. As one 
pursues this history as found in many 
sources the outstanding thing is the 
fact that the growth and heights at- 
tained by all civilization have been de- 
pendent upon the means of communica- 
tions. In Egypt a country where its 
population occupied a strip of land 
2,000 miles long by an average width 
of approximately 30 miles, the river 
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Nile was its principal highway. Persia, 
Carthage, and Greece had the Mediter- 
ranean Sea which was supplemented by 
local artificial highways. 

Rome through having the Mediter- 
ranean Sea as a means of transport, 
feeling that artificial highways were of 
the greatest importance, planned, con- 
structed and kept in repair a system 
of roads which achievement may not 
have been surpassed by any other na- 
tion of the world, our own possibly not 
excepted. 


The civilization, culture and commer- 
cial importance of England and all 
other European countries advanced as 
the artificial highways, canals and rail- 
roads were constructed. 


Conditions in South America.—If we 
enquire into the conditions of the coun- 
tries of South America we find those 
most advanced have the most complete 
systems of communication while those 
the least advanced have little or none. 
Argentine with its 22,587 miles of rail- 
ways stands in first place, while Colom- 
bia with 740 miles, Venezuela with 535 
miles and Equador with a mere 365 
miles of railway are last. In natural 
resources all of these later countries 
probably equal or surpass Argentine 
when compared on the basis of area 
—that is wealth per square mile. 


In the United States our first great 
period of advancement, our period of 
railway development, was 1830 to 1910. 
In 1830 we had 73 miles of railways 
which in 1910 had reached a total of 
239,991 miles. 

Our next great period of advance- 
ment in the United States is that period 
which began in 1900 and which prob- 
ably will not reach its ultimate accel- 
eration for several more decades—the 
good roads period. In 1904 we ex- 
pended upon our roads approximately 
$79,000,000. By 1926, out of a total 
mileage of 3,001,825 miles of highways 
the total paved amounted to 521,915 
miles or a little more than one-sixth of 
the total mileage. In 1926 we con- 
structed approximately 35,000 miles of 
new pavement and our total road ex- 
penditures amounted to approximately 
$1,000,000,000. 
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Missouri Gets $6,500,000 from Gas 
—The 2-cent state gasoline tax in 
Missouri yielded a total of $6,444,385 in 
1927 for the state road fund. The gaso- 
line tax collections increased 15 per 
cent in 1926 over 1925 and 28 per cent 
last year over the year preceding. 
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Maintenance of Way Charges 
Against Public Carrier 


Busses 


Some pertinent facts with reference 
to present methods of bus taxation and 
the application of the tax funds to road 
construction and maintenance are given 
in Bulletin 85, issued a few days ago 
by the Engineering Experiment Station, 
Iowa State College, Ames, Ia. The 
bulletin was written by W. W. Hitch- 
cock, assistant professor of civil engi- 
neering, Michigan State College of Ag- 
riculture and Mechanic Arts. The 
bulletin presents data on the rates of 
taxation applied to common carrier 
busses in Michigan and Iowa and on 
the aggregate sums obtained from mo- 
tor vehicle taxation in those states. 
There are also presented certain data 
having a bearing upon the equitable- 
ness of the bus tax systems in the two 
states, particularly in comparison with 
the taxes imposed on the automobile. 
An analysis of the sums that will be 
required for highway purposes is in- 
cluded to indicate whether the present 
rates of taxation on motor vehicles are 
likely to provide sufficient funds for 
the highway programs of the two 
states. The general conclusions given in 
the bulletin are as follows: 


The development of the motor vehi- 
cle has brought about extensive high- 
way improvements. These improve- 
ments have called for large sums of 
money which have been obtained in 
various ways, but at present the pre- 
vailing opinion is that the motor vehi- 
cle owner should pay the cost of main- 
taining the principal motor highways. 
A study has been made of the income 
from the registration of motor vehicles 
in the states of Michigan and Iowa to 
determine whether or not this income 
is sufficient to maintain their primary 
highway systems. 


The common carrier motor bus is in 
its infancy. Operators of bus trans- 
portation lines are inexperienced in the 
management of this new enterprise and 
state governments are feeling their way 
slowly in adopting regulatory legisla- 
tion. Pennsylvania, in 1924, segregated 
motor vehicles used as common car- 
riers and placed them under the State 
Public Service Commission. Today the 
laws of forty state provide compara- 
tively complete regulation of common 
carrier busses. There are as many reg- 
ulatory systems as there are states put- 
ing them into operation. 

The question of equitably taxation is 
one of the most important to be con- 
sidered in the passing of laws regula- 
ting the common carrier motor bus. 
Each state has its own problems and it 
is not to be expected nor desired that 
the rate of taxation should be the same 
in all states. The rate of taxation, 
however, should be in keeping with the 
tax assessed against other vehicles that 
use the highways. 
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The assessment of taxes against mo- 
tor vehicles in proportion to the use 
or, and benefits received from the high- 
ways over which they operate, is a long 
step away from the more common idea 
of taxation in proportion to ability to 
pay. Since this benefit method seems 
to meet with rather general approval, 
a definite means of distributing the 
taxation should be determined so that 
the various classes of motor vehicles 
will be taxed in proportion to the bene- 
fits accruing from the development of 
highways. 

A careful study has been made of a 
large number of public carrier busses 
operating over the highways of the 
states of Michigan and Iowa for the 
purpose of making a comparison of the 
use of the highways and benefits de- 
rived by different types and sizes of 
passenger vehicles, together with a 
study of their contribution to the main- 
tenance of the highways. 

This study has brought out some 
facts which can have a bearing upon 
the determination of equitable motor 
bus taxation. Among the most impor- . 
tant of these facts are the following: 
A fixed rate of taxation per vehicle, 
based on weight or value or upon any 
combination of the two, does not fur- 
nish a method of taxation which is in 
any sense a measure of the use and 
benefits derived from the highway. ; 

Gasoline consumption is a measure of 
highway use only when applied to a 
single type and weight of vehicle opera- 
ting at a fixed rate of speed over the 
same quality of highway surface. 

The gasoline consumption increases 
with the speed of the vehicle after the 
engine has reached a point approach- 
ing its maximum efficiency. 

The gasoline consumption decreases 
as the quality of the highway improves, 
therefore the poorer the highway the 
higher the charge for its use. 


The gasoline consumption per ton- 
mile of use of the highway decreases 
as the weight of the vehicle increases, 
thus imposing a penalty upon the 
owner of the lighter vehicle. 

Notwithstanding the shortcomings of 
the gasoline tax (which are not gener- 
ally understood) as a measure of high- 
way use, such opposition to this form 
of taxation as seems to exist is due 
chiefly to the manner in which the pro- 
ceeds of the tax are distributed for 
highway improvement rather than to 
dissatisfaction with this particular 
method of taxation. 





Main Street of the East.—Virginia 
has recently opened a 204 mile section 
of U. S. Highway No. 1, the historic 
“Main Street of the East,” extending 
the full length of the original 13 col- 
onies. It begins at Fort Kent, Me., and 
follows the Atlantic Coast through Bos- 
ton, New York, Philadelphia, Washing- 
ton, Richmond, to its southern terminus, 
Miami, Fla. The total length is 2,300 
miles. 
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Gravel Road ‘Treat- 
ment with Calcium 
Chloride in 
Michigan 
Extract from Paper Presented at 
14th Annual Purdue Road School 


By A. L. BURRIDGE 


Division Engineer, Michigan State Highway 
Department 


HE dust nuisance on gravel roads 

is something on which the public 
has become very critical and in many 
instances this criticism has become so 
intense that a perfectly good gravel 
road has been replaced by a more ex- 
pensive type of pavement wheras if it 
had been properly cared for it would 
have served the traffic for many years. 
In Michigan we are preserving our 
gravel roads by treating them with 
bituminous tar and asphalt material 
and calcium chloride. During the com- 
ing year we will place calcium chloride 
on 3,480 miles of trunk line gravel 
roads at a total expense of $952,000. 
This seems like a lot of money, but 
when you consider the convenience this 
type of maintenance affords the public 
and when you consider that you save 
enough resurfacing gravel which is 
ordinarily blown away or shoved off the 
road to almost take care of the cost of 
this chloride, the expenditure is more 
than justified. 

Before a road is treated with any 
surfacing material it should be brought 
to an even cross section thoroughly con- 
solidated and the proper drainage es- 
tablished. We find % in. to the foot 
crown to be sufficient. If loose gravel 
exists, binder should be added to the 
extent of from 8 to 12 per cent. Loose 
gravel and excessive crown causes the 
concentration of traffic. Concentration 
of traffic makes ruts. Even distribution 
of traffic over the entire width of your 
roadbed prolongs its life and decreases 
maintenance costs. If it is found im- 
possible to consolidate all of the gravel 
in the roadbed, loose material should 
be bladed to the sides of the road and 
left there throughout the summer 
season. Calcium chloride will not con- 
solidate a gravel that does not contain 
a certain: percentage of binder and it 
is a waste of money to make this ap- 
plication unless the roadbed has been 
properly prepared before hand. We 
find that 5 tons of chloride per mile is 
sufficient for the first application. This 
application is made about the first of 
June and later in the season two or 
three tons are added per mile as the 
conditions of traffic and weather may 
demand. We find that on the ordinary 
road 8 to 10 tons of calcium chloride 
will keep your surface in a dustless, 
compacted condition throughout the 
year. In applying this chloride we use 
a 3%-ton truck to which is attached 
a standard chloride spreader or drill. 
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We find it desirable to have-this drill 
equipped with pneumatic tires carrying 
a pressure of 20 to 30 lb. In order to 
get the greatest benefit from the chlo- 
ride treatment, the same should be 
evenly distributed upon the surface and 
this equipment allows us to accomplish 
this purpose. The 3%-ton truck is kept 
supplied with calcium chloride by small 
trucks which bring the material from 
cars at different points on the road 
and the same is transferred from the 
smaller trucks to the distributor truck. 
After calcium chloride has been on the 
road for one day we need to start float- 
ing our surface with a tractor-grader 
or truck equipped with a spring blade 
attachment. The road is first floated 
out and the blade is set so that it cuts 
the surface just enough to eliminate 
any chatter bumps that may have come 
into the road. This gives us a very 
small ridge of calcium chloride material 
which can be floated back on the road 
within the next day, or two or when- 
ever the same is necessary. On heavy 
traffic roads we have found that it is 
necessary to float a road daily, but in 
many cases we have been able to keep 
this surface in good condition by float- 
ing only two or three times per week. 
The dead material which is floated out 
before the road is treated should never 
be floated back or brought into the road 
surface during the floating season, but 
it is desirable that this material be 
floated on to the road during the late 
fall and the same consolidated into the 
surface. Calcium chloride costs us 
about $30 a ton applied on the road. 
In case a 10-ton application is neces- 
sary this work will cost about $300 per 
mile per year. 


To Color Pavements Green 

in Texas 

Concrete roads which will blend in 
with the green fields and countryside 
soon will greet the eye of motorists 
traveling through Cameron county, 
Tex., if experiments now being con- 
ducted prove successful. 

An issue of $6,000,000 of bonds re- 
cently was voted by the county for 
concrete highways, and it is planned 
to mix a green coloring fluid with the 
paving material. This will eliminate 
the glare resultant from the present 
white or gray roads. Experiments now 
being conducted will determine the 
amount of coloring fluid needed as well 
as the cost it will entail. 

Cameron county is located in the ex- 
treme southern part of the Lone Star 
state and, it is believed, the color will 
harmonize well with the rich semi- 
tropical verdure and growing crops of 
the region which the roads will tra- 
verse, the promoters of the novel idea 
declare. 

From an artistic standpoint, the 
green colored highways also will have 
an appeal that is not found in the 
white or drab colored pavement it is 
asserted. 
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Heil Hydraulic Hoists on 
Light Trucks 

Up to the present time operators of 
light duty trucks had to depend almost 
entirely upon hand hoists and gravity 
dumps. Now, with the new H-2 Heil 
Hydro Hoist placed on the market, 
these operators can have light duty 
power operating dump equipment that 
has the same advantages as the heavy 
duty dumpers. 


A dumping angle of 56 degrees is 
possible and the hoist will dump a full 
load in 5 to 9 seconds, depending on 
the speed of the motor. The racking of 
the truck body and frame, prevalent 
with gravity dump units, is entirely 
eliminated. The H-2 Heil Hoist is 
speedier than the hand hoist and elim- 
inates the necessity of hand power to 
dump the load. 


It is not necessary to refer to blue 
prints or to bore holes in the truck 
frame to install the hoist, as it comes 
assembled as a unit on a special sub- 





Heil H-2 Hydraulic Hoist on Chevrolet Chassis 


frame ready to mount on the truck 
chassis. Only four U-bolts are needed 
to fasten the hoist to the chassis. The 
danger of a wrong mounting is impos- 
sible with the Heil Hoist because it is 
already mounted on the frame. 


With an H-2 Heil Hydro Hoist instal- 
lation it is also possible to use the truck 
for other purposes, as the four U-bolts 
can be taken off in a few moments and 
the body and hoist removed, so that a 
tank or commercial body can be put on. 

It is claimed to be the only light duty 
hoist that can be disconnected from the 
lifting arms. One man can disconnect 
and tip it back against the cab out of 
the way so that any part of the hoist 
can be easily inspected. 

The H-2 Heil Hydro Hoist is said to 
be a powerful, self-contained, compact, 
accessible and speedy unit. It has the 
same gear principle used in Heil’s 
heavy duty units, is thoroughly tested 
to several times its lifting requirements 
before leaving the Heil factory and will 
easily carry a 6,000 lb. pay load. Its 
simplicity of design with only two re- 
volving parts make it easy to inspect 
and repair. Its long life with uninter- 
rupted service and its reasonable price, 
say the manufacturers, eliminates the 
necessity of the light duty truck opera- 
tor having to depend solely on gravity 
and hand dump units for trucks up to 
2-ton capacity. — 
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Highway Maintenance by Contract in 
the Province of Quebec 


N THE spring of 1925 the Minister 

of Roads of the Province of Quebec, 
Canada, began the experiment of main- 
taining provincial roads by contract. 
Most of the contracts covered the main- 
tenance of those graveled sections of 
a certain number of highways, a total 
of 562 miles, being awarded the first 
year. This work was undertaken as an 
experiment with a view to ascertaining 
the best means of securing economy 
and efficiency in the maintenance serv- 
ice. The great difficulty in the road 
maintenance organization is to exercise 
over the maintenance men who are 
scattered in small units all over the 
province, that close supervision so nec- 
essary to produce the desired maximum 
of efficiency and economy. 

Mr. Alexander Fraser, Chief Engi- 
neer of Provincial Roads, advises us 
that in a few cases they have been 
satisfied with the maintenance by con- 
tract experiment, but in a general way, 
however, they did not get the expected 
results and consequently are abandon- 
ing the policy by canceling a few of the 
contracts every year. Mr. Fraser sum- 
marizes the reasons for the failure of 
this plan as follows: 

1. Lack of interest on the part of 
certain contractors in showing good re- 
sults. 

2. Difficulty of control of the quan- 
tity and quality of materials and work- 
manship. 

3. Frequent misunderstanding be- 
tween the contractors and the govern- 
ment engineers arising out of different 
interpretations of those provisions of 
the contracts applying to certain 
classes of maintenance work about 
which it was practically impossible to 
give indisputable definition. 

4. No economy and no better prac- 
tical results obtained. 


Although the Quebec experiment has 
not proved exactly a success, the form 
of contract and the specifications, out- 
lining as they do the maintenance 
methods, should prove of interest and 
they accordingly are reprinted below. 


TENDER 


I, the undersigned, do bind myself to perform 
all the works call for by the specifications dated 
concerning 
and this in the manner required by this speci- 

tions. 

I do also bind myself to perform all the 
other works, which though not specifically men- 
tioned in the specifications, might be required 
in order to execute the work undertaken, in 
+ = aaa with the intention of the specifica- 
tions. 


As the only remuneration for all these works, 
should the Minister of Roads not require the 
use of calcium chloride, I would have the right 
to receive the lump sum price of $ 
for each year of the duration of the contract 
and over and above that, the price stipulated 
for oiling when that work will be required. 








Specifications and Contracts 
Covering Maintenance Work 


Should the Minister of Roads require the use 
of calcium chloride, I would have the right to 
receive the lump sum price Of $..............cc000---- 
for each year of the duration of the contract, 
and over and above that, the price for oiling 
when that work shall be required. 

The contract formed by the acceptance of the 
present tender shall be governed by the general 
specifications hereto attached. 

In submitting the present tender, I declare 
that I have studied the said general specifica- 
tions, other specifications, plans, profiles and 
sketches relating thereto, inspected the site of 
the work, and have secured sufficient informa- 
tion to enable me to establish the list and lump 











GENERAL SPECIFICATIONS 
Definition 


1. In the contract, in the tender, and in the 
specifications, the following terms shall be in- 
terpreted as follows: 

The term “Government” means the Govern- 
ment of the Province of Quebec. 

The term ‘“Minister’’ means the Minister of 
Roads of the Province of Quebec. 

The term “Engineer” means an engineer of 
the Department of Roads of the Province of 
Quebec, authorized by the Minister to direct and 
oversee the work covered by this contract. 

The term “specification” means the special 
specification completed by one or more general 
specifications attached. 


Lump Sum Contract 


_2. The contract resulting from the accepta- 
tion of the tender is a lump sum contract. Con- 
sequently, in consideration of the total price 
mentioned in the tender, the Contractor is held 
responsible for the performance of all the work 
described in the specification on which the ten- 
der was called for, and all other work whether 
mentioned in the specifications in the price list 
or not may be required for the performance of 
the work, in conformity with the intent of the 
specifications. 

3. The list of prices contained in the above 
tender shall be used in order to prepare the 
monthly estimate, but the Minister of Roads 
shall have, at any time, the right to withhold 


from id estimates, besides the ctions pro- 
vided by the specifications any amount he may 
deem ni in order to guarantee the com- 


iecessary 
plete execution of all the works required. 

4. The t shall never be compelled 
by virtue of any clause of the present contract 
to pay to the contractor more than the total 
amount mentioned in the tender. 


Other Obligations of the Contractor 

5. The contractor must supply all that is re- 
quired, labor, materials, tools, machinery, and 
appliarices necessary for the proper completion 
of the work. 

6. The work shall be performed in conformity 
with the specifications, and in a workmanlike 
manner, with materials approved by the engi- 
neer, the use of which has been authorized by 
the Minister. 


7. The contractor shall have the technical 
per pn | required for the performance of the 
wor 


8. The contractor shall not, without the con- 
sent of the Minister, 
contract or have the work performed by sub- 
contractors. He is personally responsible to the 
Minister, to the workmen and to the public. 

9. The contractor is solely responsible to the 
workmen and their families, for accidents that 
happen during the performance of the work. 

10. The contractor is solely responsible to 
the public for all damage caused by the work of 
which he controls the performance. 

11. The contractor has not the right to begin 
the work before having received the order from 
the engineer, but as soon as he has received that 
order, he must, without delay, take the neces- 
sary steps to have the work prosecuted with 
diligence. 

12. If the contractor refuses or neglects to 
take the necessary means for the carrying out 
of the contract, or should he, after having 
started the work, fail to carry it out with suffi- 
eient diligence, or should he not make the re- 
pairs required by the engineer, or should he 


transfer or assign his . 


become incapable of continuing the work, or 
neglect to pay the wages of the workmen, the 
Minister can, without formality, take over the 
work and have it performed at the expense of 
the defaulted contractor. In this case, the 
amounts earned by work done, the holdbacks on 
payments, and the guarantee furnished by the 
contractor become the property of the Govern- 
ment and may be used to pay for damages 
caused by the contractor’s default, without 
prejudice to the government’s claim against the 
contractor in case of the insufficiency of the 
above amounts. 

13. All work not done according to the plans 
and specifications must be done over by the con- 
tractor, at his own expense. 

14. Over-seeing and approval by the officers 
of the Department will not free the contractor 
from the obligation to do the work strictly in 
accordance with the specifications and plans, 
and in a workmanlike manner, nor from the 
obligation of having a competent man constantly 
in charge of the work. 

15. The approval of materials, or the stip- 
ulation in the specifications of the use of mate- 
rial coming from a designated cource, shall not 
free the contractor from the obligation of . 
furnishing materials of a quality required to do 
good work. 

16. Unless authorized to do so by the Minis- 
ter of Roads, the contractor has no right to 
put any inscription on the works performed. 

17. The contractor has no right to appropri- 
ate to his own use material coming from the 
demolition of a bridge or other work. : 

18. The contractor shall look after the work 
so that at all times there will be a safe pas- 
sage for the public; he shall indicate clearly, 
by day and night, excavations and dangerous 
places, in order to prevent accidents; he shall 
also build, and maintain in good order, tem- 
porary bridges and diversion roads ; secure, when 
it is necessary, a right of way over the adjoin- 
ing properties for the diversion of the traffic, 
during the time of construction. , 

19. The contractor, when he has finished his 
work, must clean it up and put it in good 
order ; remove all waste and unused material or 
scrap; clean up the spots where earth or other 
materials have been deposited ; put in good order 
the ditches and streams which he may have 
obstructed, and repair or rebuild the fences 
which he may have damaged or demolished ; he 
must repair all other damage he has caused. 

Payment of Workmen’s Wages 

20. Should he be informed that a workman 
employed on the performance of any work cov- 
ered by the present contract has not been paid 
the wages due him, the Minister, eight days 
after having notified the contractor by letter, 
mailed to him at the address given in the 
tender, may acquit the workman’s account, 
from the contract price or from the guarantee 
deposited by the contractor for the complete 
performance of the contract. 

21. If within the aforesaid period of eight. 
the contractor protests the account, the Min- 
ister has not the right to acquit the account 
until the workman’s claim has been established 
in court of justice. Nevertheless, the Minister 
ean retain an amount which he considers suffi- 
cient to acquit the account, in case it becomes 
recognized as being well-founded. 

Purchase of Materials 

22. At the request of the contractor, the 
Minister may buy the materials necessary for 
the performance of the works, and pay for 
them out of the contract price. 

Payment of the Contract Price 

23. Payment to the contractor for the work 
done during one month will be made during 
the following month, after a deduction has been 
made for the price of material bought by the 
Minister, and for the holdback. 

Value of Work Done 

24. At the end of each month, the engineer 
will establish the value of work done by the 
contractor, using as a base the amount of 
wages paid and material purchased by the lat- 
ter. To this end, the contractor must com- 
municate to the engineer the payroll of all his 
employees, and all the information required by 


the engineer. 
Holdback 


25. At the time of payment a holdback is 
made of ten per cent (10%) of the value of 
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work done; this holdback will be paid to the 
contractor in the month of December of the 
year in which the holdback was made, provided 
the contractor has not failed in any clause of 
the contract. 

26. Over and above the holdback of ten per 
cent (10%) the Minister of ds can make 
any other holdback which he considers neces- 
sary to guarantee the execution of the contract. 


Preparation of the Tender 

27. The tenderer should submit a lump sum 
price for all the work; furthermore, he should 
submit a unit price for each kind of work, in 
the space reserved for that purpose in the speci- 
fications. 

28. The contractor must establish his prices 
according to information he has himself secured. 
He must verify the exactness of all informa- 
tion given to him by officials and clerks of the 
Department of Roads and has no right to any 
indemnity or recourse if he undergoes any dam- 
age for having depended upon information 
which later he finds out to be incorrect. 


Composition of Specifications 

29. A list indicating the quantity of each 
kind of work to be done follows the specifica- 
tion. The tenderer should submit a unit price 
for each kind of work designated in this list. 

30. The plans, profiles and sketches referred 
to in the specifications, form part of the spe- 
cifications as though they were fully contained 
therein and complete same. The contractor who 
submits a tender is supposed to have secured 
the plans, profiles and sketches and to have 
examined and studied them. 

$1. All dimensions mentioned in the specifi- 
cation shall be measured according to the En- 
glish units (articles 14, 15 and 16 of the 52nd 
chapter of the Revised Statutes of Canada, 
1906). 

$2. When, by the particulars of the specifi- 
cations, the engineer is authorized to give an 
order, this order will be valid only when given 
by means of a writing signed by the engineer. 


SPECIFICATION 
Bituminous Products Treatment 

The term “gallon” in these specifications 
means the standard gallon of Canada as defined 
by Article 20 of the 52nd Chapter of the Re- 
vised Statutes of Canada, 1906, and it’s the 
same as the English Imperial gallon. This gal- 
lon contains 277.274 cubic inches. (The Amer- 
ican gallon, or standard gallon of the United 
States, contains 231 inches.) 


Preparing the Macadam 


The whole macadam surface to receive bitu- 
minous treatment shall be carefully scraped 
and broomed in such a way as to leave the 
stone bare, and shell have as perfect a mosaic 
appearance as possible. All dust and foreign 
matters proceeding from this cleaning of the 
macadam shall be spread over the shoulders. 
Two men with the use of metallic brooms 
shall keep ahead of the spreading party to make 
sure that no animal, vegetable or other mat- 
ters remain on the surface. 

The treatment shall consist of one-sixth 
(1/6) gallon per equare 

It is of main importance that all traffic be 
diverted for at least such a time that will allow 
the penetration of the bituminous product. 
Where and whenever this is not possible, it will 
then be advisable to only cover one-half of the 
surface along the road, at a time. 

After the application of the bitumen, there 
shall be spread a very thin cover of clean, hard 
and sharp angular sand. Once the hardening 
of the bituminous material has started, it shall 
carefully be broomed by means of vegetable 
ae = aot hall only be made over a 

ese applications shall only ma 
clean, dry, and whenever possible, a sun-heated 
eurface. 

SHERBROOKE-DERBY-LINE HIGHWAY 


Maintenance Specifications—First Part 
30.26 m. 





Section No. 1 from 3.61 to 
8.11 macadam 

Section No. 2 from 8.11 to 
$6.59 CORNER enews F 

Section No. 3 from 15.80 to 
24.00 8 

Section 
32.55 gravel 

$2.55 to 33.87 


.26 m. 
Contract Durance—From January Ist, 1925, 
to January Ist, 1930. 
Preliminary Work in the Spring 
As soon as the spring thaw begins, the con- 
tractor must remove from the culverts all snow 
and ice that would interfere with the flowing 
of the water, and make such trenches in the 
snow, either on the road or in the ditches, as 
may be necessary to direct the water into the 
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ditches and prevent it from running over the 


When the road is opened to summer traffic, 
the contractor must at once take the necessary 
stepe to prevent any damage arising from ex- 
cessive use of the shoulders or of any narrow 
part of the road surface by such traffic. The 
cuts which the municipalities may have made 
in the snow to open the road must be widened 
at the necessary places to permit the traffic to 
operate on a surface at least 14 ft. wide, and 
at the places where the snow is lying in drifts 
on one side of the road, obliging the vehicles 
to pass on the side of the road where the layer 
of gravel is thin, or on the shoulders, this 
snow must be removed on each side of the 
center of the road to a distance of 7 feet. 

Repairs to Parts of Road Damaged by Frost 

At the places where bog-holes appear, they 
must be filled immediately with good gravel con- 
taining no stone of more than 1 inch in size 
on its largest dimension. The surface of the 
road at these places must be leveled each time 
gravel is added and as often as required dur- 
ing the settling of the latter in such a manner 
as to maintain the regular crown and longi- 
tudinal profile of the road. 


Surface Drainage 
The ditches shall be cleaned and dug wher- 
ever necessary. 


Cleaning of Culverts 

The culverts and their outlets shall be cleaned 
wherever necessary, the total number being as 
follows: 
Section 17 culverts 
26 culverts 
20 culverts 
4 13 culverts 


Weeds and Brush 
...19,370 ft. x 6 ft. both sides 
...41,025 ft. x 6 ft. both sides 
..43,296 ft, x 6 ft. both sides 
Section 45,144 ft. x 6 ft. both sides 
ths given above, 














Regardless of the average wid 
the cutting of hay must be carried as far as the 
fences on both sides of the road twice during 
the season, during the last half of June and the 
last half of August, unless the engineer decides 
otherwise. The hay must be cut to the bottom 
of the ditch and the cuttings removed beyond 
the limits of the road. Brush and weeds must 
be cut and destroyed in accordance with the reg- 
ulations of the Municipal Code. 

Maintenance of Graveled Shoulders 
(On the macadamized section) 


Section No. 1, from 3.61 to 8.11 m., 23,760 
feet, both sides. 

Gravel to be added wherever necessary to keep 
the inside edges of the shoulder level with the 
macadam, and to maintain a regular slope of 
not more than one and one-half inches to one 
foot towards the ditches. The gravel shall be 
spread and leveled evenly and it shall not con- 
tain stones larger than one inch in size. 

Repairs to Guard-Rails 
Guard-rails to be repaired wherever ry. 


May 


Section No. 4 mile posts 
direction signs 
speed limit post 
8 danger signs, including 
2 school signs 
Painting of Danger, Direction and Other Signs 
All the signs indicated under the head of re- 
pair of signs must be painted with one coat of 
paint approved by the engineer at least once 
every two years, and more often if necessary. 
This painting should be done during the 
months of May and June, if possible. 


Whitewashing of Telephone, Telegraph and 
Power Transmission Poles 
Section No. 1 
Section Ne H 
ion No, 3 660 

Section No. 4 800 = 

The poles shall be whitewashed uniformly to a 
height of 5 ft. above the ground line, twice 
during each season, according to the instruc- 
tions of the engineer. (The line between’ the 
whitewashed part and the part not whitewashed 
should be cleaned and regular.) 

General Remarks 

The number of culverts, poste and signs, the 
lengths of guard-rail, etc., are approximate and 
might be increased slightly. The contractor 
must make all the repairs, and do all the 
painting and whitewashing, whatever the num- 
ber of culverts, posts, signs, etc., and whatever 
the lengths of guard-rails, etc., there are at 
present or there may be during the time of his 
contract. 


Maintenance of the Graveled Roadway, Drag- 
ging, Addition of Gravel and ji 
Maintenance of the Roadway 


_The dragging of the road shall be done euffi- 
ciently often to keep the road free from holes, 
ruts, depressions, crose-waves, etc., and in any 
case at least twice a week from the beginning 
of the season to July Ist, and from September 
Ist to the end of the season. During July and 
August, the road shall be dragged at least 
three times a week. By dragging is meant the 
passing of the drag both ways at least three 
mes. 

The drag employed shall be of a type a 
proved by the Minister of Roads and auaened 
by the engineer. 

Stones larger than 1 inch shall be removed 
from the surface of the road as soon as they 

These stones must not be left in piles 
or rows on the edge of the road, but must be 
removed beyond the limits of the road without 
undue delay. 

Additional gravel must be placed on the road 
where indicated by the engineer in such a man- 
ner as to keep the regularity of the surface 
and the present thickness of the layer of gravel. 
The minimum quantity of additional gravel re- 
quired to achieve this result is 150 cu. yds. per 
mile per year. 

This gravel shall be spread on the sides of 
_the road, in conformity with the engineer’s in- 
struction, to be dragged gradually towards the 


594 poles 
615 poles 

















The total lengths on each section are as fol- 


lows: 
4,390 lin. ft. of guard-rail 
.... 586 lin. ft. of guard-rail 


Section No. 4 272 lin. ft. of guard-rail 
In repairing guard-rails, the contractor must 
replace all broken or damaged posts or other 
pieces. The lengths given above are the total 
lengths of gurd-rails. 
These repairs should be made before the paint- 


ing. 
Painting of Guard-Rails 

The painting of guard-rails shall be done dur- 
ing the months of May and June. 

The guard-rails shall be painted with one coat 
of paint duly approved by the engineer, at 
least once every two years and more often if 
necessary. 

Section No. 1 4,390 lin. ft. 

Section No. 2 536 lin. ft. 

Section No. 3. 3,056 lin. ft. 

Section No. 4.. 272 lin. ft. 

Repair and Maintenance of Danger, Direction 
and Other Road Signs 

Municipal boundary posts, mile posts, boards 
indicating the speed limits, and all the danger 
and direction signs (including posts, boards, 
frames, metallic sheets, etc.) shall be repaired 
or replaced as soon as they have been damaged 
or removed. 

The approximate quantities are as follows: 


Section No. 1 6 mile posts 
8 direction posts 
1 speed limit post 
20 danger signs, including 
4 railroad crossing signs 














Section No. 2................7 mile posts 
20 danger signs, including 
4 railroad crossing signe 


Section No. 3 posts ; 
8 danger signs, including 
2 achool signs 


center of the road in thin layers. 
shall be screened at the pit, so as to remove 
the stones of more than 1 inch in size. 
ermore, the contractor is obliged to fill 
with gravel the holes, ruts or depressions that 
may occur in the spring at the time the thaw 
sets and the holes and ruts that may occur 
here and there in the course of the season. The 
gravel necessary for this work will be in addi- 
tion to the quantity mentioned above. 
Maintenance of the Macadamized Road Patching 


With Hot Bitumens (Mastics) 

1. Filling holes, ruts, depressions and cracks, 
and patching of the edge of the pavement along 
the shoulders. 

The road shall be thoroughly cleaned; the 
bitumen shall be heated to the proper tempera- 
ture and then poured into the holes, ruts, de- 
pressions, etc., in’ sufficient quantity to fill the 
voids of the stones necessary to fill the holes, 
the voids in the stone to be reduced to the 
minimum by tamping. The stone shall be placed 
immediately after the bitumen. It shall be 
well tamped except where the depressions are 
less than 1 inch in depth. 

In cases where the holes, ruts or depressions 
are deep, the repair shall be made in two lay- 
ers, tamped separately. Ordinarily, for the 
lower layer, the stones may b> from \% in. tu 
1 in. in size. For the upper layer or for a 
single layer in the case of light depression, the 
stone shall be from 4 in.,to % in. in size. In 
general, the size of the stone shall be such that 
the thickness of the layer after tamping will 
be twice the size of the stone used. In the case 
of repairs made in more than one layer, the 
upper layer shall have a thickness of % in. to 
1 in., with stone of %4 in. to % in. 

Repairs to Rough Surfaces 

The surface shall be thoroughly swept to re- 
move all dirt and loose stones and pieces of 
bitumen that did not adhere to the macadam. 
A light layer of bitumen binder shall them be 
spread, after having been heated to the proper 
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temperature and covered immediately with a 
layer of small stones % in. to 1 in. in size, in 
sufficient quantity to absorb the bitumen. Care 
must be taken that the bitumen is not applied 
in excessive quantity, as that would occasion 
the formation of a wavy surface under traffic. 


Repairs With Cold Bitumens 

Repairs to holes, ruts, depressions, cracks and 
the edge of the pavement along the shoulders, 
can be with cold bitumen in the following man- 
ner: 

The cold bitumen shall be mixed with stones 
of appropriate size, according to the depth of 
the holes, ruts, or depressions, in the propor- 
tion of 12 to 15 gallons to a cubic yard of 
stone, then adding same level as the surround- 
ing pavement. 

All the bitumen used shall comply with the 
specifications of the A. S. T. M. 

The lengths and widths of macadam pave- 
ments to maintain are as follows: 

Section No. 1 from mile 3.61 to mile 8.11, 
width 14 ft. 

Section No. 4 from mile 32.55 to mile 33.87, 
width 16 ft. 


It is understood that the dimensions, quanti- 
ties, and details given above are approximate, 
and only to give general ideas to the contractor, 
the latter shall at all times take all the steps 
necessary to maintain the road in good condi- 
tion, and shall perform all the work in an 
orderly manner, according to the spirit of these 
specifications and to the best known methods. 


Calcium Chloride 

On graveled sections, should the Minister con- 
sider it advisable, an application of calcium 
chloride shall be made at the rate of 1 pound 
per square yard on a width of 15 feet once 
during the season. When making this applica- 
tion, there should be a thickness of about 1 
inch of loose gravel on the surface of the road; 
this may be obtained by loosening the surface 
or by adding gravel. 


Application of Bituminous Oil Asphalt, 50 Per 
Cent or Its Equivalent 


On the macadamized road, the contractor shall 
make an application of bituminous oil at the 
rate of 1/6 gallon per square yard with sand 
in conformity with the attached specification 
for the application of bituminous materials. 


This application shall be made every two 
years, the first to be made in 1926; so that there 
will be two such applications made during the 
term of the contract. 


This oil shall be applied during the month 
of June. 


The price for oiling shall cover all the work 
pertaining thereto, as indicated in the attached 
specifications for the application of bituminous 
materials. 

Quebec, February 20th, 1925. 

Sienestnasieialliaeaietiaaeaitpasesititglin apnoea cate 
District No. 2. 


“Chief Engineer. 


TENDER 
All the works mentioned in the present speci- 
fication shall be done at so much per year per 
mile of macadamized road, and so much per 
year per mile of graveled road for the duration 
of the contract. 


For the graveled part, it is necessary to sub- 
= a price for each case, with or without chlo- 
ride. 


In the case where an application of calcium 
chloride is specified, the price for maintenance 
independent of the calcium chloride, and the 
price for the chloride applied, shall be sub- 
mitted separately. 

The contractor must use the materials pre- 
viously bought and stocked by the Department, 
the latter holding back the buying price of same 
from the contract price. 


Macadamized Section 





5.91 miles @ per mile ............ 
8,225 gallons of Bituminous oil, 
per application @..................... per gallon............ 


Graveled Section 


Ist case (without chloride application) 

24.44 miles @... per mile............ 
2nd case — chloride application) 

24.44 miles pe 
107.54 tons of chloride applied @ 











Methods of Payment 





Signature. 
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1928 Model Russell Motor 
Patrol 


The illustrations on this page show 
the Russell Motor Patrol No. 4 pow- 
ered with a 2-ton “Caterpillar” tractor 
and the Russell Motor Patrol No. 3, 
powered with a 10-20 McCormick-Deer- 
ing tractor. Russell also builds two 
other models for the Clertrac and Ford- 
son tractors. 

The 1928 model Russell Motor Pa- 
trols are not a drastic departure from 
our last year’s model. The general 
construction is the same, but there are 
numerous improvements which insure 
efficiency and low upkeep cost. 

The principal improvements are: 

Compensating spring lift; 

Main circle refnforced; 

Large universal connection at front 
of drawbars which eliminates all play; 

Grip lock nuts on all bolts % in. to 
% in., inclusive, that will positively not 
come loose from vibration; 

Heavy channel frame, 8 in., 21% lbs. 
per foot; 

Enclosed machined cut gears for 
blade and scarifier lift; 

Ball and socket connections, and 

Moldboard reinforced by two angle 
irons. 
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In addition there are many other out- 
standing features found on the Russell 
Motor Patrol which are worthy of men- 
tion as listed below: 

The Scarifier is independently adjust- 
able and completely controlled from the 
operator’s platform. The front wheels 
are 32 in. by 5 in., with extra wide 
axle to accommodate the larger wheels. 

There are bronze bushings and 
bronze collars for worm shafts; take- 
up bearing in forward lifting arm 
bracket; the center shift operated by a 
worm and gear through a rack and 
pinion; circle play is eliminated by 
means of a screw clamp in circle brack- 
ets; machined worm gear steering con- 
trol, steers as easily as any truck; Al- 
emite lubricating system throughout; 
Timken bearings are used in front axle; 
a side crank for tractor is furnished as 
regular equipment; and a steel cab that 
may be entirely enclosed. 

The Russell may be made an all the 
year around machine by the addition 
of a Russell Snow Plow Attachment. 
The weight of the Russell .Motor Pa- 
trol No. 4, complete with tractor and 
searifier attachment, is 12,500 Ib. The 
weight of the Russell Motor Patrol No. 
8, complete with tractor and scarifier 
attachment, is 12,550 Ib. 




















Russell Motor Patrol No. 4, Equipped With 2-T Caterpillar Tractor; and Russell Motor Patrol 


No, 3, Powered With 10-20 McCormick-Deering Tractor 
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Safety—The Maintenance 
Patrolman’s Pledge 


Some excellent suggestions for patrol- 
men are given in a recent “Roadio” 
News of the Missouri State Highway 
Department. The article prepared by 
T. H. Cutler, Chief Engineer, follows: 

Safety on the highways is dependent 
upon the efforts of the individual. 

Safety is a matter of education of 
the individual. 

It matters not how permanently a 
road is located or constructed, without 
proper maintenance, elements of un- 
safety will rapidly multiply and event- 
ually the road will become a loss, or 
reconstruction will become necessary 
with all the intervening inconveniences 
to the road users. 

Maintenance work is a branch of 
highway endeavor wherein the individ- 
ual plays the most prominent part, and 
his value to the organization becomes 
greater with his continued employment. 

In maintaining the 7,640 mile state 
road system of Missouri, it is necessary 
to employ approximately 850 men. The 
perfecting of this maintenance organi- 
zation, necessary for the successful ex- 
ecution of the maintenance work, has 
been a task requiring patient and per- 
sistent cooperation of all employees. 

The maintenance men are on the road 
continuously every working day of the 
year. Accidents in which maintenance 
employees and maintenance equipment 
figure are very few. 

The policy of using considerable care 
in choosing all maintenance employees, 
has given us men endowed with faith- 
fulness to duty, and who realize their 
responsibilities for safety on the high- 
ways. 

A strict observance of the following 
pledge will insure a good safe patrol- 
man: 

The maintenance patrolman always 
keeps his equipment in good condition, 
thus reducing to a minimum the chance 
for breakdown on the highways. 

Red flags are always properly dis- 
played on all equipment. 

Utmost care is used in backing and 
turning equipment; efforts are made 
in stopping, to not cause a traffic 
hazard. When used after dark, ade- 
quate lights are displayed, but glaring 
headlights are never used. 

Equipment is never left parked on 
traveled way after day, unless attended 
by the maintenance employee with 
proper lights and signals. 

No one, other than a state employee, 
rides on the maintenance equipment. 


Proper signals are always given 
when stopping or turning, and atten- 
tion to approaching traffic from county 
roads, lanes, or private drives, is always 
given. 

The maintenance employee thorough- 
ly realizes the importance of the stand- 
ard signs and markers in use on the 
State Highway System. He knows the 
designs as now used are based on defi- 
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nite principles calculated te produce 
uniformity of significance in the signs 
themselves, and make familiarity with 
them easy to acquire. 

He is duty bound to never go by a 
highway marker, directional sign, cau- 
tion sign, or information sign that is 
down or out of position. 

Just the opposite to this, he must 
keep all advertising signs off the right- 
of-way, as they direct attention of the 
users of the highways and are unlaw- 
ful on the highways. 

Warning flags, caution signs, men at 
work signs, are always properly dis- 
played when there is work in process 
by the maintenance men. 

Bridges are kept in good repair and 
properly painted both for safety and 
economy. 

Special attention is always given to 
bridge floors. 

Bumps at bridges are not allowed to 
develop. 

Approaches to bridges are maintained 
in good condition. 

Guard rails on high bridge ap- 
proaches are always given special care. 

Guard rails are erected at all hazard- 
ous places and kept properly painted 
and repaired. 

Maintenance equipment is 
stopped on a railroad track. 

After crossing a railroad track with 
dragging equipment, the patrolman 
stops and clears off tracks and flag- 
ways to prevent train derailment. 

The patrolman always looks before 
crossing over all railroad tracks. 

He reports railroad crossings in need 
of repair to his district superintendent 
at once. 

Snow removal demands the time of 
the maintenance employee on Sundays, 
holidays and nights as long as it is 
snowing, and until the highways are 
open. 

“Keep traffic moving” is the snow 
fighting slogan, and all maintenance 
employees are up and at snow removal 
from the first snowfall. It does not 
pay to wait until it is too high to re- 
move with the equipment. 

Barricades are properly’ erected, 
properly lighted at night, and properly 
placated with warning signs for day- 
time. Frequent inspections are made 
to keep them properly in place. 

In case of disaster or calamity such 
as storms or floods effecting the state 
highway, the maintenance employee 
holds himself in readiness for group 
duty any place, at any time. 

He always patrols his section during 
or immediately after a storm or rain. 

He properly marks overflow roads, 
staking them out before the floods reach 
the road. 

He assumes the lion’s share of the 
responsibility of trying to protect traffic 
during such times. 

The patrolman always keeps himself 
physically fit for duty, he never ap- 
pears on work intoxicated or under the 
influence of drugs, and he has proper 
clothing for his work. 
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He treats the small cuts and bruises 
he receives at once, to eliminate the 
possibilities of blood poisoning. 

He does not have defective hearing 
or eyesight. 

He is never absent from his work, 
unless proper provisions have been 
made. 

He renders assistance to accident vic- 
tims, helps clear wrecks so as to elimi- 
nate danger to the other users of the 
road. 

Slab pavements must be center- 
stripped to guide traffic. 

Care must be used in placing loose 
gravel and warning signs must be used 
while gravel is packing. 

Ruts must not remain next to slab 
pavements. 

Blow-up in slab pavements must be 
placated with warning signs at once, 
and repairs made as soon as possible. 

Efforts should be made in maintain- 
gravel roads, to not leave a windrow 
of loose gravel in road after quitting 
time. Long stretches of windrowed 
gravel at no time should be found. 

The state highway maintenance pa- 
trolman things about the safety and 
convenience of the road users. 

He is a “Safety First” adherent, and 
realizes that it is far better to be safe 
than sorry. 





Lakewood Puts Out Improved 


Graderooter 


The Lakewood Graderooter for 1928, 
manufactured by the Lakewood Engi- 
neering Company, Cleveland, Ohio, is 
equipped with double pointed teeth 
made of high grade steel, one inch 
thick instead of single pointed teeth 
three-quarter inch thick, as previously 
used. The teeth can be set to root 
twelve inches deep and forty-eight 
inches wide. Ten teeth are furnished 
with each machine. 


The Graderooter is used wherever a 
rooter plow can be employed. A 
particular advantage is that it will 
work close to the forms. It is light 
enough to be pulled by teams and 
strong enough to stall the heaviest trac- 
tor. The Graderooter is also used for 
maintenance work by the State and 
County Highway Departments. 














The Lakewood Graderooter 












Inspection and Construction Practices on 


Indiana Roads 


Methods and Practices Followed on Work 
of Indiana State Highway Commission 


By J. T. HALLETT 


Assistant Chief Engineer in Charge of Roads, Indiana State Highway Commission 


HE goal we try to reach in our 

work is to get the best possible 
work under the plans and specifications 
under which the contract is awarded. 
On state and federal work the plans 
and specifications are standardized so 
that the methods of construction and 
inspection are somewhat standardized 
and on which I will spend the most of 
my time. I, however, can not say that 
these take most of my time when on 
regular duty. 

During the fiscal year of 1927 our de- 
partment had supervision and inspec- 
tion on 129 contracts. Fifty-eight of 
these were state and federal projects on 
which the specifications were very near 
but not exactly the same. The remain- 
ing 71 of these were county projects on 
which state inspection had been asked. 
They were in a number of different 
counties in the state and the specifica- 
tions varied considerably. The only 
general rule which can be followed on 
inspecting county work where the 
specifications vary is to get the best 
possible under the specifications. This 
work, therefore, takes considerably 
more time to supervise than where the 
methods can be standardized. 

Preparation of the Grade.—The first 
operation in building a concrete road 
and in fact any road is the building of 
small drainage structures and the 
preparation of the grade, that is, mak- 
ing the cuts and fills. I will not dwell 
on the construction of the drainage 
structures as they will naturally fall 
under another heading. I will only 
mention a few of the most important 
methods we follow in grade prepara- 
tion and these hold equally as good for 
other types of roads as for concrete. 
First—the project engineer sets sub- 
stantial stakes on or near the right of 
way line at each 100 ft. station and on 
each side of the road. These stakes 
are usually 2 in. square by 18 in. long 
dressed on two sides to facilitate mark- 
ing the station numbers and the dis- 
tances from the center line on them. 
Then elevations are taken on each stake 
and a grade sheet computed giving the 
distance the finished grade is above or 
below each stake. The grade foreman 
is furnished with a copy of the grade 
sheet or sheets with which he can level 
off and determine the cut or fill at each 
stake, before any earth is moved, 
bushes, trees, stumps and heavy sod 
are removed from the roadway. If 
there is an old grade which is too nar- 
row it is torn down and spread out to 
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full width of the base of the new fill. 
It is then leveled off and thoroughly 
rolled with a 10-ton 3-wheel roller. 
After this the fill is built up in layers 
approximately 1 ft. in thickness and 
each layer rolled as before. The back 
filling adjacent to culverts and bridges 
is placed in 6 in. layers and each layer 
thoroughly tamped by hand. Occa- 
sionally when a pump and plenty of 
water is available the back fills are 
puddled. The reason for all of this 
precaution in building the grade is to 
build a uniformly compacted grade and 
minimize the later and unequal settle- 
ment-which as you all know is very 
serious for any kind of pavement, but 
its effect is much more noticeable on a 
concrete pavement than on a flexible 
pavement. 


Preparation of Sub-Grade and Set- 
ting Forms.—The next step after con- 
struction of the grade is the prepara- 
tion of the sub-grade commonly called 
fine grading. The smoothing up to get 
the grade within one or two tenths of 
the correct elevation is done with a 
blade grader and fresno, the fresno be- 
ing better than scrapers or wheelers 
because they can pick up and deposit 
in very thin layers. Then form stakes 
are set to both line and grade 1 or 2 ft. 
outside of the form a line on each side 
of the road. These stakes are set at 
25 ft. intervals. We have found that a 
much truer surface is obtained both as 
to line and grade if these stakes are set 
not farther apart than 25 ft. The foun- 
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dation for the form is then prepared 
to exact elevation. If a slight fill is 
necessary the hand tamp is used to 
compact it. The usual method used in 
preparing this foundation for the forms 
is by hand, but some of the more pro- 
gressive contractors have a form grad- 
ing machine which is a great labor 
saver. As soon as the foundation for 
the forms is prepared the forms are 
set true to line and grade and firmly 
staked. Then the subgrade is com- 
pleted between the forms to receive the 
concrete. This is sometimes done by 
hand but usually with a subgrader - 
pulled on the forms with power and the 
blades are set to the required depth and 
cross section. A small roller of about 
3 tons in weight is very useful in com- 
pacting and smoothing up a subgrade. - 
On truck units where the concrete ma- 
terials are hauled into the mixer by 
truck, it is -sometimes a great advan- 
tage to do a large part of the fine 
grading at morning or night when the 
trucking does not interfere. Also 
where trucks are used, when the sub- 
grade is prepared it does not stay that 
way as the trucks keep continually 
working it out of shape. This requires 
constant attention so there is no work 
to do on the grade when the mixer ar- 
rives. Here again the small roller with 
a bull-nozer blade is a very useful tool. 


Of course with the industrial hauling 
outfit, when the sub-grade is once pre- 
pared it stays that way unless treads 
of the mixer push it out of shape. All 


.sub-grade crews work to a template 


riding on the forms and the last thing 
before concrete is deposited the eleva- 
tion and section of the sub-grade is 
checked with the template, and any 
irregularities corrected. After the sub- 
grade is completed the uniformity of 
the grade of the forms is checked with 
a 10-ft. straight edge so any irregu- 
larities can be found and removed be- 
fore any concrete is deposited against 
them. In order to obtain a smooth 
surface in the pavement it is very 
essential that the forms be accurately 
set and have a full bearing on a firm 
foundation. Any line of forms which 
has not an even bearing and firm foun- 
dation should be taken up, the founda- 
tion corrected and the forms reset. 
These methods of checking the forms 
and sub-grade make the workmen check 
their own work and greatly aids the 
inspection. 

Placing of Center Joint and Rein- 
forcing Steel.—After the sub-grade has 
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been prepared and the forms set, the 
center joint and reinforcing steel if 
there is any used, should be placed. The 
center joint should be placed accurately 
and firmly staked to line and grade by 
means of a template riding on the 
forms. If the center joint is not to 
correct line it looks bad on completed 
work, and if not to correct grade, it 
weakens the load transferring effect 
from one slab to the other, and the 
concrete is more likely to spall and 
start disintegration. All reinforcing 
steel or continuous dowels should be 
held in place by metal chairs left in 
place. We have had some sad experi- 
ences by using sleds to support rein- 
forcing steel. When the sled is pulled 
out it tears a hole in the concrete, the 
concrete arches over and leaves honey- 
combed places which afterwards crack. 
No doubt some of you have noticed 
some of our pavement about three or 
four years old which has longitudinal 
cracks at the center and quarter points. 
In every case where you have noticed 
this and the major portion of the 
cracks run rather uniform, they were 
caused by the use of the sled for hold- 
ing reinforcing steel. Care is used to 
see that all dowel bars are either 
painted or oiled to prevent bond be- 
tween the concrete and the steel. 


Inspection and Proportioning of Ma- 
terials.—Before any material is used in 
the pavement the source of the mate- 
rial and the producing plant should be 
inspected to make sure they can furn- 
ish a uniform and satisfactory quality 
of material. Also the quantity is often 
quite important as continual changing 
of materials is often the cause for poor 
results. Uniform material properly 
handled will produce uniform results 
which is very essential in concrete 
work. To insure that all materials are 
satisfactory, each car of cement should 
be tested, each car of sand and coarse 
aggregate should be visually inspected 
and if there seems to be any doubt as 
to any of its qualities further tests 
should be made. Grading tests on the 
aggregate should be run on every five 
or six cars at least and oftener if neces- 
sary to insure the proper grade. Ag- 
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gregates should be inspected while 
being unloaded and after unloading for 
dirty coated material. First class con- 
crete can not be made from dirty and 
coated aggregates. An excess of stone 
dust on stone is as bad as mud or silt 
on gravel. We have found in some 
cases cars of aggregates when in- 
spected from the top appeared in first 
class condition but for some reason the 
bottom of the car was not in first class 
condition. 

The proportioning of materials is 
usually covered by the specifications. 
The common method is to proportion by 
volume assuming that 1 bag of cement 
is 1 cu. ft. in volume. The standard 
specifications have up to this time re- 
quired an approximate 1:2:3 mix with 
a definite cement requirement of 1.7 
bbl. to the cubic yard of mixed con- 
crete. This of course requires adjust- 
ment of the proportioning of aggre- 
gates to get this cement content. It 
would take some time to go into detail 
on how and when to make these ad- 
justments but in general the amount of 
cement and sand should be left constant 
and all adjusting made with the coarse 
aggregate. At the present time the 
state is specifying that the aggregates 
be proportioned by weight. This is the 
first time this has been specified by us 
and I have had no construction experi- 
ence with this method. The most 
accurate and in general the most 
satisfactory method, both from the con- 
struction and inspection standpoint, of 
proportioning aggregates by volume, is 
by use of the automatic batcher boxes 
manufactured by a number of equip- 
ment manufacturers. Cement usually 
comes in bags and even bag batches are 
usually arranged for. Split bag 
batches are not very satisfactory in 
that it is next to impossible to get 
accurately the correct amount of ce- 
ment in each batch. To make sure the 
correct number of bags of cement go 
in each batch the cement for the batch 
should be piled in a separate pile be- 
fore any of the bags are emptied into 
the batch. If the bags are piled up 
they are very easily counted but if two 
or three men are emptying cement into 
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a batch it is impossible for an inspector 
or even the men themselves to be sure 
just the number of bags used. If a 
plant inspector is not used the cement 
should come to the mixer either in the 
bags or in separate compartments so 
the inspector can check the amount of 
cement used at all times. If separate 
compartments are used care should be 
taken to see that they are tight and the 
cement does not lose out on the road 
between the plants and the mixer. 


Mixing Concrete and the Consistency. 
—Concrete should be mixed with a 
standard make of paving mixer which 
is in good mechanical condition with a 
water control tank by which the amount 
of mixing water can be accurately 
measured. Leaky water valves should 
not be permitted. The paving mixer 
should be equipped with a timing or 
regulating device by which the dis- 
charge chute is locked until the con- 
crete has been mixed for the specified 
time. 

The consistency is controlled by the 
length of mixing and the amount of 
water used in the batch. Each concrete 
inspector is equipped with a slump 
cone. He makes slump tests at least 
once a day. For a machine finish the 
slump should be not more than 2 in. or 
les than % in. If it can not be kept 
within this range the reason is ascer- 
tained and corrected. For good results 
both from the standpoint of good con- 
crete and correct finish the consistency 
should be as uniform as possible. 

Depositing, Striking and Finishing of 
Concrete.—After the concrete is mixed 
it is deposited on the subgrade from 
the bucket and spread somewhat with 
shovels. It is then struck off with a 
mechanical finishing machine of which 
there are two types, the tamping ma- 
chine and the screed. Each time over 
with the machine, concrete should be 
kept in front of the strike throughout 
its entire length. If this is not done it 
will likely result in uneven surface. 
The first time over with the screed 
machine the concrete should be allowed 
to pile up 8 or 9 in. high ahead of the 
screed, this is to allow the weight of 
the concrete to compact the concrete 
in the slab and take the place of tamp- 
ing. The number of times it is neces- 
sary to go over with the finishing ma- 
chine will depend on a number of fac- 
tors such as per cent of grade, consis- 
tency, temperature, etc. Usually not 
less than two times will suffice and not 
more than three times is necessary. 
After the finishing machine has done 
all that can be done on finishing the 
surface, the surface is checked with a 
10 ft. straight edge and any noticeable 
variations removed with a wooden float. 
Before the final belting a 10 ft. float 
is used transversely. This removes a 
great number of small ridges and vari- 
ations in the pavement surface. Then 
again after the surface of the pave- 
ment has hardened sufficiently to walk 
on the surface is checked with a 10 ft. 
straight edge and any variations of % 

















= 


—w vVwewewew wor ww 


1928 


in. or more are removed with a car- 
borundum brick and water. 


Construction and Expansion Joints.— 
At the end of each day’s run a butt 
construction joint is made. % in. round 
dowel bars 4 ft. long, extending 2 ft. 
in each section of the pavement are 
placed. At least one end of these 
dowels is wrapped or oiled to prevent 
bond. If these bars are permitted to 
bond a transverse crack will develop 
about two or three feet from the con- 
struction joint. 


Expansion joints are placed adjacent 
to bridges so as to relieve the bridge 
from taking the thrust from the pave- 
ment slab. We have had some serious 
affects on bridges when these expan- 
sion joints were omitted. Dowel bars 
through expansion joints do very little 
good but if placed the ends of the 
dowel bars should be capped so as to 
allow free longitudinal movement of 
the slab without buckling over the bars. 
Serious trouble may be expected if 
these bars are not capped. 


Curing of Concrete Pavement.—Just 
as soon as the pavement has received 
its final belting and has hardened suf- 
ficiently to prevent marking badly, 
strips of burlap are placed on the sur- 
face completely covering it. The bur- 
lap is sprinkled with a spray nozzle and 
kept wet until the concrete has hard- 
ened sufficiently to walk on without 
injury, then the burlap is removed and 
the concrete covered with straw and 
sprinkled again or in some instances 
dykes are built and the pavements 
flooded with water. Great care should 
be used to make sure the pavement is 
kept wet by sprinkling and some mois- 
ture retained for two weeks and more 
especially the first three or four days 
because it is in the early stages that 
the most damage can be done if curing 
is improperly carried out. 


Opening Pavement to Traffic.—Our 
specifications in the past have required 
traffic to be kept off the pavement for 
30 days or longer if considered neces- 
sary; however, we have in the summer 
months considered 21 days sufficient 
and have opened most all pavement 
within that period. In some urgent 
cases pavement has been opened to 
traffic in 14 days. In our recent sup- 
plemental specifications the date of 
opening the pavement is left entirely 
to the engineer. It is our intention to 
make test beams at intervals from the 
concrete as it comes from the mixer 
and as deposited on the road. These 
test beams are to be treated and cured 
the same as the pavement slab. The 
beams will be broken at various inter- 
vals with a portable testing machine 
and the pavement opened to traffic 
when the test beams show what we 
believe to be a sufficient strength, but 
of course not until the curing period 
las expired and the pavement cleared 
ready for traffic. It is believed that 
during the summer months most of our 
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concrete pavements will be opened to 
traffic within about 18 days. 


Acknowledgment.— The foregoing 
paper was presented at the 14th An- 
nual Purdue Road School, Lafayette, 
Ind., Jan. 16-20. 





Highway Policies in 
California 


The State Department of Public 
Works of California will spend over 
$50,000,000 during the present bien- 
nium on its highways. The outstand- 
ing phases of the present highway pol- 
icies are summarized as follows by 
B. B. Meek, director of the department, 
in April California Highways and Pub- 
lic Works, the official journal of the 
State Department of Public Works: 


1. The present highway. system must 
be completed within as short a time 
as is compatible with sound engineer- 
ing and economical construction. We 
want haste, but not the kind of haste 
that makes waste. 


2. The inclusion of new roads into 
the state system should be postponed 
until such time as the present system 
nears completion. 


3. Adequate provision for future de- 
velopment should be assured both 
through providing wider rights of way 
now, and through reserving for public 
use areas adjacent to the highways of 
particular scenic charm or recreational 
value. 


4. On roads where present traffic is 
not heavy, a low cost surface should be 
provided that will adequately care for 
the existing travel, and which will be- 
come a part of a well-packed base, when 
future traffic demands a larger pave- 
ment investment. Our recommendation 
for this class of highway is the oil and 
rock surface, known as the California 
type pavement. 


5. Relocation of roads should be 
made where it is possible to eliminate 
grade crossings by such realignment. 


An agreement should be reached be- 
tween state highway and railroad offi- 
cials for a definite cost-sharing policy 
in the construction of grade elimina- 
tion and grade separations. 


6. Repair on our highways must be 
immediate and continuous. Every — 
maintenance man in our work must also 
be a minute man. Regular traffic 
counts and studies must be made to de- 
termine traffic trends and to enable 
present roads to be widened and thick- 
ened in advance of deterioration or de- 
struction. 


7. The routing of present unlocated 
roads by “the most direct practical 
route” as prescribed by law and as de- 
termined by experts, trained and 
skilled in this work, must govern in all 
location matters. In the words of Gov- 
ernor Young, location of our highways 
must be determined “by traffic pressure 
rather than by political pressure.” 


8. Highway funds are to be budgeted 
for each biennium in advance of their 
expenditure. Suggestions and propo- 
sals for highway financing outside of 
and in addition to present revenues 
should be discouraged. Our present in- 
come we hope will be adequate and if 
we spent it wisely we believe will be 
continuous. 


9. Construction of toll roads for 
through traffic should be discouraged. 
This is the business of the state and 
counties. 


10. Construction should be by con- 
tract rather than by day labor, unless 
the bids of contractors are unreason- 
able. 





$10,000,000 Boulevard for Montreal, 
Que.—The city of Montreal, Quebec, is 
considering the construction of a 
$10,000,000 boulevard. According to 
plans prepared by Chief City Engineer 
H. A. Terreault, City Hall, Montreal, 
the highway will be 150 ft. wide and 
will extend from St. Anne de Bellevue 
to Bout de I’Ile. The proposed highway 
will be paid for on a property valuation 
basis by the municipalities served. 





Bituminous Treatment of Gravel Roads 


and Earth Subgrades 


Paper Presented at 14th Annual Michigan 
on Highway Engineering 


Conference 


By F. C. LANG 


Associate Professor, Highway Engineering, University of Minnesota; Engineer of Tests and 


HE application of bituminous ma- 

terials to the surface of earth and 
gravel roads is not a new idea. Tar 
and oil were used on roads when auto- 
mobiles were built to resemble buggies, 
even to the extent of being provided 
with whip sockets. However, after a 
few years, interest in this type de- 
clined, due, I think, to an inadequate 
maintenance organization, and the fact 
that the large increase in the number 
of motor vehicles made the pavement 
of main roads necessary. About 1924 
there began a revival of interest in the 
development of surface treatments. 


There is at present a considerable 
variation in the methods of applying 
bituminous material in surface treat- 
ments and the kind of bituminous ma- 
terial to use. I consider that the term 
includes all treatments where the bitu- 
minous material is sprayed over the 
road surface, whether it depends on a 
penetration into an existing road sur- 
face, or the mixing of the bituminous 
material and the material on the road 
by means of blades or drags.or a com- 
bination of the two. Rarely is the bitu- 
minous surface treatment over 2 in. 
thick unless it has been applied over a 
number of years and gets deeper by 
searifying and re-mixing. Any haul- 
ing of a pre-mixed material onto a 
road would not be included as a sur- 
face treatment, and by title this paper 
does not include treatments of broken 
stone roads or earth roads unless the 
treated earth road is considered as a 
subgrade for some type of surfacing. 


Why Methods Vary.—A considerable 
variation in methods of applying bitu- 
minous material on gravel roads is to 
be expected for two reasons. First, 
bituminous surface treatments are now 
in the experimental or developing 
stage. Second, there is a considerable 
variation in the types of gravel roads 
in various sections, and also in sub- 
soils, drainage, climate, and traffic re- 
quirements. Any natural soil road 
which has been covered with gravel is 
ordinarily considered a gravel road, yet 
there is a vast difference in construc- 
tion methods and materials used. Some 
gravel roads have been constructed in 
two or more courses in the so-called 
trench method, using large stone, espe- 
cially in base course, with a small 
amount of fines, and about 10 in. total 
thickness, quite similar, in fact, to the 
old water-bound macadam construction. 


Inspection, Minnesota Highway Department 


As a contrast to this we have the 
feather-edge method used in Minne- 
sota: gravel with 1 in. maximum size 
and with a large percentage of fines, 
up to 60 per cent passing a 10-mesh 
sieve, is placed on a prepared, flat sub- 
grade and compacted under traffic. The 
total thickness at center is rarely over 
6 in. and approaches zero thickness 
near shoulder line. The amount of 
clay binder also varies. A gravel sur- 
faced road is primarily a cheap road 
and local material must be used with- 
out too much cost in its preparation. 
The type of bituminous material to use 
largely depends on the non-bituminous 
materials in the road surface. 

Why Bituminous Surface Treatments 
Are Popular.—At present bituminous 
surface treatments are becoming very 
popular for the following reasons: 

(1) Eliminate dust. This adds to the 
comfort of the motorist as well as the 
resident along the highway, especially 
in municipalities, and also adds to 
safety. 

(2) Conserve material. Estimates 
place the amount of material lost from 
an untreated gravel surface road at 
about 1 in. to 1% in. per year, depend- 
ing, of course, on the amount of traf- 
fic. This would mean about 400 cu. yd. 
per mile per year, the value of which, 
in turn, depends on the cost of gravel 
and ranges probably from $400 to 
$1,500 per year. 

The conservation of the gravel in a 
territory is greatly affected. In many 
localities the supply of gravel is rap- 
idly being depleted. This means that 
not only will we have long hauls to the 
road, which will mean more expensive 
gravel, but that none will be left for 
township and secondary roads where 
the gravel for surfacing would have 
lasted a long time. This is very im- 
portant, as a good system of secondary 
and township roads is essential in a 
complete highway system. 

(3) Lower maintenance and vehicle 
operating costs. This, in turn, depends 
on the amount of traffic. Statistics 
compiled in Minnesota show that the 
maximum economical limit for gravel 
roads is about 600 cars per day, while 
our bituminous treated roads are car- 
rying up to 1,500 vehicles per day with- 
out any signs of distress. The saving 
to vehicle operation can be computed 
from some of the figures compiled by 
Professor Agg.- We consider that a 


properly maintained bituminous sur- 
face road should have very little, if 
any, more resistance to traffic transla- 
tion than asphaltic concrete. On this 
basis the saving for 1,500 ton miles per 
day would be about $17, or $5,100 for a 
300-day year. 

(4) Better riding surface. Our ex- 
perience has shown that the mainte- 
nance department is able to maintain a 
smooth riding surface on bituminous 
surface treated roads _ practically 
throughout the year. The untreated 
gravel road gets sloppy after rains and 
during a dry period it seems to be prac- 
tically impossible to entirely eliminate 
chatter bumps and rhythmic corruga- 
tions or washboards. 

(5) Gradually build up a surface 
crust which if on permanently graded 
roads will provide better foundations 
for pavements. 


I shall not attempt to give the de- 
tails of construction used in various 
states. Numerous papers have been 
published during the year describing 
these in detail. Among the states 
most active in the present development 
of bituminous treatments are Oregon, 
California, Nevada, North and South 
Carolina, Wisconsin, Michigan, Illinois, 
Indiana, Ohio, and Minnesota. While a 
study of the methods used in the vari- 
ous states is essential, we must keep 
in mind that bituminous treatment, for 
the reasons already given, is a local 
problem. Not only do the conditions 
in one state vary from those in an- 
other, but there are also big variations 
within one large state. 

Conditions in Minnesota.—I shall now 
describe conditions as we have them in 
Minnesota and the methods used. Our 
bituminous surface treated roads may, 
in general, be divided into three 
classes: 

(1) Those sections where the subsoil 
is a sand and the gravel surfacing is 
deficient in binder, as usually occurs 
in sandy areas. The more % and %-in. 
stone in the gravel surface the better 
the results. 

(2) Compacted clay and gumbo sub- 
grades which have been treated prior 
to a light application of gravel. The 
roads treated have either been located 
in sections where gravel surfacing had 
to be shipped in and is very expensive, 
or on certain gumbo subgrades which 
appear to eat up the gravel during wet 
periods. Minnesota does heavy grad- 
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ing in these sections, running 14,000 
to 20,000 yd. per mile for a 30-ft. road. 
This brings the surface of the road 
from 4 to 5 ft. above the bottom of the 
ditch line and the ditches are usually 
quite wide. I do not believe our treat- 
ment of this class of roads would be 
successful if it were not for the high 
grade line which adds to the stability 
of the roadbed. 

(3) The treatment of gravel surface 
roads on clay and loamy subgrades. 

Treatment on Sandy Subsoil.—I will 
now discuss each class in more detail: 

A typical analysis of the subgrade in 


the sandy area is as follows: 
Per Cent 
Retained on 10-mesh sieve-.............-........-.0--+ 0.5 
An analysis of part passing ‘No. 10 is as 


follows : 
Per Cent 
90.2 
5.5 


Total sand 
Total silt . 
Total clay 4.3 
Cementing value 2.0 


A typical analysis of the resurfacing 


used on this type is as follows: 
Per yor 
Passing 1 in, retained om No. 10................... 
An analysis of part passing No. 10 is as Tol. 
lows : 


Total sand 
Total silt 3.1 
Total clay 1.9 
Of course there are variations from 
this typical analysis. We have used 
both tar and asphaltic cut-back oils for 
these conditions. The number of miles 
of tar is 120.3. The number of miles 
of asphaltic cut-back oil is 1. We have 
been well satisfied with our tar treat- 
ments. The asphaltic cut-back oil is 
really an experimental piece. A typical 
analysis of the tar used is as follows: 
Water .. 
Specific viscosity (Engler 50 cc. at 40° C.) 11.7 
Total bitumen 97.41 
Distillation— 
0—170° C. 
0—270° C. 
0—300° C. 
Softening point 


A typical analysis of the asphaltic 
cut-back oil used on the one-mile exper- 
imental piece is as follows: 

Specific gravity 
Flash 
Specific viscosity at 60° C 
100 penetration resid 
Ductility of residue. 

Loss at 168° C. 
Total bitumen (soluble in CS)... = 
Total bitumen insoluble in 86° Naphtha.... — 7. 43 

The method of application is as fol- 
lows: 

_ The first operation consists of grad- 
ing all of the loose material to the 
center of the road, thus forming a 
smooth hard surface. In only a few 
instances have we resorted to sweeping. 
The ideal road surface at the time of 
the first application should be smooth, 
well compacted, dry, and free from dust. 

The second operation is the spraying 
of the prepared surface with about % 
: % gal. of tar heated to about 130° 

Third operation. After about 24 
hours, or when the first application has 
completely penetrated and set up, the 
surface is again sprayed with % to 
% gal. of tar, and at once covered by 
lading the loose material previously 
removed on to the fresh tar. In case 
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ROADS AND STREETS 


the bladed material contains an excess 
of fines of a non-granular nature, it is 
wasted over the shoulder, and suitable 
material for covering is windrowed on 
the opposite shoulder, bringing the total 
amount of covering material up to 
about 350 cu. yd. per mile. The best 
covering material is pea gravel (re- 
tained No. 10 passing % in. screen), 
and where gravel plants are near this 
is used; usually, however, selected local 
deposits have been used. 

Fourth operation. The opposite side 
of the roadway is then cleared with a 
grader, throwing the loose gravel into a 
windrow over the edge of the tar sec- 
tion and leaving the opposite side free 
for treating. 

Fifth operation. The remaining side 
is treated with penetration coat and 
allowed to set up the same as the first 
side treated. 

Sixth operation. This side is then 
treated with second coat of tar and 
loose graded material bladed in from 
side for cover the same as before. 


Seventh operation. The roadway is 
dragged a number of times to smooth it 
and work all the gravel possible into 
the tar. This dragging operation is 
continued for a period of three to five 
days or until the surface has set up to 
such an extent that dragging does not 
do any good, or the surface at that 
time is in a hard condition. At this 
time any small breaks or holes should 
be immediately patched with pre-mixed 
material, using the same grade of tar 
and the same material as is used for 
the cover coat. If large holes develop, 
a coarser grade of road metal may be 
used to insure a more stable patch. At 
completion, the crown for a 30 ft. top 
would be from 6 to 9 in. This method 
is really a combination of the penetra- 
tion and surface mixing methods. Its 
success depends largely on penetration 
into compacted surface. We find this 
makes a good bond between old road 
bed and surface, and we have had very 
little trouble with creeping of surface. 


On this type of road the daily traffic 
varies between 700 and 1,500 vehicles 
per day. Initial cost for 24 ft. surface 
ranges between $1,600 and $1,800 per 
mile. The cost of maintenance varies 
between $300 and $600 per mile per 
year. One patrolman with occasional 
auxiliary equipment can successfully 
handle 20 miles of this kind of road, 


taking care of the patching, cutting of . 


grass, repairing washouts, etc. 
Treatment on Compacted Clay and 
Gumbo Subgrades.—Of the second class, 
treated subgrades, we have 131 miles. 
The subgrades treated have been in the 
extreme southeastern and northwestern 
parts of the state. A typical analysis 
of the subgrade in southeastern Minne- 
sota is as follows: 
Passing No. 10 sieve. 
Total sand 
Total silt 


Total clay 
Cementing value 


A typical analysis of the gumbo soil 
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in northwestern Minnesota is as fol- 
lows: 


Passing No. 10 sieve.. 
Total sand 
Total silt 
Total clay 


In all of our subgrade treatments we 
have used a straight distillation mid- 
continent residuum. A typical analysis 
of the oil most used is as follows: 
Specific gravity 
Flash 
Specific viscosity at 60° C 
100 penetration residue 
Ductility of residue. 

Loss at 163°C. 
Total bitumen (soluble in CSz) . 
Total bitumen insoluble in 86° naphtha....... 16.23 

The method of treatment is quite 
similar to the method just described 
for tar treatment. Considerable care 
is taken to see that the subgrade at the 
time of treatment is well compacted, 
smooth, free from dust, and dry. 
Weather conditions play a great part in 
the application of oil on this class of 
work. Warm weather aids the penetra- 
tion of the oil -into the subgrade, and 
rainy weather tends to slow up the 
work because it is hard to get the sur- 
face dried out sufficiently to allow a 
penetration into the grade far enough 
to get the depth desired. 

About 400 cu. yd. of cover material 
per mile is used. The cover material 
as previously described is preferably. 
pea gravel, but usually selected local 
deposits are used. The gravel takes 
the wear. Too much emphasis cannot 
be placed on having the surface of 
the road well above the water table. 

Treatment of Gravel Surface on Clay 
and Loamy Subgrades.—In the third 
class of treatments, the gravel surface 
on clay and loamy subgrades, I am un- 
able to give any typical analysis of 
the subsoil or gravel surfacing. In- 
cluded in this class are the intermedi- 
ate soils between sand and clay. The 
surfacing also varies, but, in general, 
where we have clay subgrades there is 
considerable clay binder in the gravel 
surfacing; however, it is not uniformly 
distributed. Belonging to this class of 
roads we have 21 miles of tar, 17 miles 
of asphaltic cut-back oil, and 96 miles 
of midcontinent residuum. The choice of 
bituminous material to use is made 
after an examination and analysis of 
the composition of the gravel surfacing 
and the subgrade, also taking into con- 
sideration the thickness of the com- 
pacted gravel surface. I am unable to 
give any definite figures on which the 
decision as to the class of bituminous 
material to use is finally made. In gen- 
eral, tar and asphaltic cut-back oils 
have been the most satisfactory on 
granular soils, and the straight run 
residuum on the heavy soils. The 
method of application is entirely simi- 
lar to the method previously described 
for tar treatment on granular soils. 

Keeping the Road in Service.—When 
necessary to use the road during time 
of construction, we endeavor to protect 
the motorist from temporary inconveni- 
ence in the following ways: 

(1) We keep one-half of the road in 
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such condition that traffic can go over it 
without getting into the freshly placed 
material. 

(2) We place warning signs at the 
ends and along the section being 
treated, informing the motorist what 
to do. 

(3) Patrolmen are placed at the ends 
to stop the motorist and tell him how 
to proceed. 

At the same time we expect the co- 
operation of the public and there have 
been times when it has been necessary 
to have police power bestowed on 
patrolmen to enforce requirements, that 
is, in driving with unnecessary speed 
on freshly laid material. 

Bituminous surface treatments must 
not be considered in the same category 
as hard surface pavements. At the 
present time it appears to be the best 
solution for that large mileage of inter- 
mediate roads where the untreated road 
is not satisfactory and the traffic is 
not sufficient, or money not available 
for pavement. At present this type of 
surface is extremely popular with the 
traveling public. In Minnesota the 
maintenance and construction of all 
primary highways, including routes 
through cities, is entirely under the 
jurisdiction of the Highway Depart- 
ment. Further than that we have one 
specially trained man who is put. in 
immediate charge of bituminous treat- 
ments. No roads are treated without 
a special examination of local condi- 
tions. During construction we place 
inspectors in charge of the various 
projects, who work directly under one 
head. It is also the duty of the man 
in charge of this type of treatment to 
follow up the maintenance and ‘see that 
the local officials in charge take care 
of the road. 

We consider that many bituminous 
treatments are still in the developing 
and experimental stage. We always 
try out new material, which we think 
might be Satisfactory, on a small scale. 
New methods are being developed. Re- 
gardless of purchase price, we do not 
buy any large amount of new bitumi- 
nous material until experience has 
shown that it is satisfactory. 

Nevertheless, I am not entirely 
satisfied. Our field work has pro- 
ceeded faster than our laboratory re- 
search although this has not been en- 
tirely neglected. We should develop 
some laboratory method for ascertain- 
ing what particular bituminous ma- 
terial would be most satisfactory on 
the particular soil to be treated. Field 
results show a considerable variation 
in the properties of road oils complying 
with one specification. It is difficult 
to find a man with adequate training 
and sufficient enthusiasm to success- 
fully carry on research work of this 
character, especially for the salary that 
there is usually available. Much money 
will be wasted throughout the United 
States during the next few years be- 
cause basic principles and test have not 
been established. 
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Margerum Asphaltic Lime- 


stone 


Development of the Alabama as- 
phaltic limestone deposits which started 
six years ago at Margerum, Ala., is 
stated to have proved up with diamoned 
drills huge tonnage of bituminous lime- 
stone, comparing most favorably in 
quality with the world famous Euro- 
pean deposits. Margerum asphaltic 
limestone pavements laid in numerous 
Southern cities and state highways also 
are said to have given uniformly ex- 
cellent results. 

Mineralogically, the deposit at Marg- 
erum is a limestone impregnated with 
bitumen. It occurs in a strata from 
7 to 18 ft. thick covered with 3 to 20 
ft. of overburden. The bitumen con- 
tent varies from 3 to 8 per cent. The 
rock is sorted in the quarries, then 
mixed there and in the plant so that 
it is claimed the pulverized asphaltic 
limestone will contain uniformly from 5 
to 6 per cent of bitumen. 

The production of Margerum asphal- 
tic limestone is a fairly simple process. 
The rock is stripped and blasted to 
crusher size. It is hauled over a stand- 
ard gauge railroad to the crushing plant 
where it is reduced in the primary 
crusher to about 4 in. maximum size. 
The rock is then carried to hammer mill 
type pulverizers which further reduce 
it to a size that will pass a % in. sieve 
—the size at which it is laid in a pave- 
ment. From the pulverizers, Margerum 
asphaltic limestone goes to large stor- 
age bins, ready for shipment. 


Variations in the bitumen content of 
Margerum asphaltic limestone is not 
a source of trouble. Though the 
amount of bitumen added at the paving 
plant can readily be increased or de- 
creased, still careful attention is given 
during production to control, within 
close limits, of the bitumen content. 
This control starts with the testing of 
samples from closely blocked core drill- 
ing. The plant laboratory also tests 
samples taken daily from the working 
faces of the quarries. The rock is 
sorted and mixed in the quarries and 
is further mixed during the Various 
steps of crushing and pulverizing. This 
insures a uniform product, especially 
after the additional mixing incident to 
loading and unloading the cars. How- 
ever, additional precautions are taken 
at Margerum to insure uniformity by 
using a storage bin that holds at least 
one day’s production. The pulverized 
Margerum asphaltic limestone is dis- 
tributed back and forth over the length 
of the storage bin by a belt conveyor 
equipped with a travelling tripper. The 
asphaltic limestone is loaded into rail- 
road cars through numerous traps in 
the bottom of the bin. Systematic tests 
are made each day on the plant pro- 
duction and each car is sampled and 
tested after it is loaded. A notice is 
sent out with each car showing its 
bitumen content. 
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Margerum asphaltic limestone, as 
shipped ready to be mixed and laid, 
has the appearance of finely ground 
dark colored limestone screenings. At 
the mixing plant there is added suffici- 
ent asphalt cement of the proper pene- 
tration for climatic and traffic condi- 
tions and the material is spread, rolled 
and opened to traffic. The operation at 
the mixing plant is simple. 

It is stated that Margerum asphaltic 
limestone may be laid on any type of 
new foundation that would be satisfac- 
tory for sheet asphalt or asphaltic con- 
crete. It is also claimed to be especially 
adaptable to resurfacing old concrete, 
stone, block, bituminous macadam, 
waterbound macadam, or gravel sur- 
face. 

The Alabama Rock Asphalt, Inc., 
Birmingham, Ala., handles the produc- 
tion of Margerum asphaltic limestone. 


Yellow Jack-It Automatic 
Tire Inflators 


Proper inflation is highly important 
to satisfactory service from balloon 
tires. A new device, the Yellow Jack- 
It Automatic Tire Inflators, insure this 
proper inflation at all times, and with- 
out as much as a thought from the 
driver, according to claims made by the 
manufacturer. This device, shown in- 
stalled, is fully automatic and keeps 
the tires inflated to a predetermined 
pressure. If they have lost air by any 
reason, a few miles of driving brings 
them back to normal pressure, thus 
preventing rim cuts and broken side 
walls from driving with under-inflated 
tires, say the manufacturers. 


The valves are set to deliver the 
proper amount of air and when up to 
pressure, no more air will enter the 
tire, as the valve is so set that surplus 
air passes out through the exhaust. 
The makers, Yellow Jack-It Mfg. Co., 
225 North Green St., Chicago, IIL, 
claim these tire inflators increase tire 
mileage 25 to 50 per cent. A post card 
will bring the full details. 














This Automatic Tire Inflator, Shown Installed, 


Keeps Balloon Tires Inflated to Desired Point 




















Handling Landslides Along Highways 
By Hydraulic Sluicing 


YDRAULIC sluicing is being used 
H very successfully in Humboldt 
County, California, by T. A. Bedford, 
District Engineer, California State Di- 
vision of Highways, for removing slides 
from highways and in controlling slide 
areas. 


In one instance a slide so completely 
covered a portion of the state highway 
that in many places not even an ap- 
pearance of the highway was left. This 
slide area was % mile long, % mile 
wide and 400 ft. high. The material 
was disintegrating blue shale, marked 
with many cracks and fissures. It is 
estimated there will be 200,000 cu. yd. 
of this material to move in the next 
few years. For handling this slide 
area a 4-in. pipe line was brought from 
a creek with a 200-ft. fall, and % mile 
distant from the slide. Two deep 


Methods and Costs of Work 


Being Done in California 


trenches were sluiced into the mountain 
side, and so arranged that they con- 
verged into a_ sluiceway. These 
trenches catch the slide as it comes 
down the mountain side and carry the 
material into the sluiceway, a 6x5-ft. 
box with a lip on the upper end. The 
trenches also drain the water out of the 
slide. 


The sluiceway was on a 1 to 4 slope, 
but Mr. Bedford recommends a 1 to 3 
slope, so that the slide will automat- 
ically dispose of itself without sluicing. 


In the operations at the slide men- 
tioned above two men were employed 
rolling the bigger stones into a sump 
which would hold several yards of ma- 
terial. The rush of water and mud 
carried these big rocks through. Three 
men moved 300 cu. yd. of material a 


day at a total cost of 10 ct. per cu. yd., 
distributed as follows: 

















Ct. per 

Cu. yd. 
Wages 4 
Transportation 1 
Sluiceways 2 
Installation 1 
Supervision 1 
Delays 1 





Mr. Bedford states that when the 
sluices are dug and the slides trained 
to follow them, very little care is nec- 
essary. Last winter 25,000 cu. yd. of 
material went through one of the 
sluiceways, requiring very little atten- 
tion. 


Mr. Bedford has furnished us with 
the following details of a sluicing job | 
that he is now carrying out. This work 
covers excavating high, compacted sand 
bluffs and sluicing the material into 
the ocean. The water is obtained from 
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Hydraulic Sluicing Operations in Humboldt County, California, for Controlling Land Slides Adjacent to Highways 


(1) Hydraulic Method Being Used for Removal of Sand Bluffs 200 ft. High Overhanging Highway Near Trinidad, Calif. 


(2) Monitor Hydraulick- 


ing Trenches, Two of Which May Be Seen About the Center of the Picture, Converging onto the Highway and Passing Under It Through a Big 


Box. 


(3) Monitor Putting a Slide Through the Sluiceway with the Assistance of Two Men Working in the Sump Rolling Boulders in Place. (4) 


General View of about 300 Acres Disintegrating Shale, Blue Mud and Boulders, about 500,000 Cu. Yd. of Unstable Material Slowly Moving Down 


onto the Highway 
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Highway Almost Completely Covered 


a nearby creek and is raised by a 
booster pumping outfit consisting of a 
5-in. Byron-Jackson single stage cen- 
trifugal pump direct connected to a 50 
hp. Cadillac gas engine. This pump 
lifts the water to an elevation of 94 
ft. to a second pump—a 5-in. Dean- 
Hill 6-stage centrifugal pump directer 
connected to a 145 hp. Sterling gas en- 
gine. The lift on this second outfit is 
22 ft., over a summit, from which point 
the line drops from 25 ft. to 55 ft., de- 
pending on the height at which the noz- 
zle is working. 

The pipe line between the pump at 
the source and the 6-stage pump con- 
sists of 100 ft. of 5-in. pipe and 500 
ft. of 4-in. pipe. The pipe line be- 
tween the 6-stage pump and the nozzle 
consists of 1,100 ft. of 4-in. pipe and 
200 to 400 ft. of 3-in. pipe. On the 
end of the pipe 2%-in. fire hose is 
used. The length of hose varies from 
50 to 300 ft. The nozzle is an ordi- 
hary 1%-in. fire nozzle. 

The quantity of water delivered 
varied from 280 to 350 gal. per minute, 
with a nozle pressure of 30 to 50 Ib. 
per square inch, depending upon the 
length of hose being used. 

Cost Data.—The rental rate for the 
lower pumping outfit is $4.40 per day 
working shift and $1.10 per idle shift. 
The fuel consumption averages 36 gal. 
of gas per shift. In addition 5 qt. of oil 
was used per shift. 

The rental for the upper pumping 
outfit is $8 per working shift and $2 
per idle shift. The gas consumption 
averages 53 gal. per shift; 10 qt. of oil 
per shift are used. The original instal- 
lation cost was approximately $600. 
This does not include the cost of 
pumps, engine and pipe. 

The operating crew consists of a man 
on each pump at $5 per day and a 
nozzle man at $5, with a helper at 
$4.50 per day. Part of the time of the 
maintenance foreman and superintend- 
ent, as well as a portion of the mainte- 
nance overhead was charged to the job 
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by a Slide Following a Severe Storm 


and amounted to approximately 10 per 
cent of the labor charge or $2 per day. 
The outfit operated on an 8-hour shift 
per day. The operating cost per day 
was as follows: 

Per Day 
$19.50 


12.40 
20.00 


Labor 











Total $53.90 


The yardage moved has varied from 
350 to 700 cu. yd. per day, the average 
being such as to give a unit cost of 
10 ct. per cubic yard. 








Indiana Truck Announces 


New Models 


Two new 3-ton road builders have 
been added to the line of the Indiana 
Truck Corporation, Marion, Indiana. 
Announced for the first time at the re- 
cent good roads show in Cleveland, 
these models, 127A and 627A, 4 and 6- 
cylinder engines, respectively, are now 
in production at the Indiana plant. 

These new Indiana models are de- 
signed as two 7-bag batch road builders, 
and are furnished with a 72 cu. ft. 
dump body, which is the right capacity 
for two 7-bag batches, 1:2:3 mix; two 
6-bag batches, 1:2:4 mix; or two 6-bag 
batches, 1:2:3% mix, when the cement 
is carried in sacks on top of the sand 
and stone. 

The patented “Tors-Elim” three-point 
suspension mounting of motor and ra- 
diator units (exclusive to Indiana 
Trucks) is used on these two models 
of Indiana Road Builders. When cab 
is specified (extra equipment), it will 
come with the “Tors-Elim” three-point 
suspension mounting. This new cab 
carries the same lines and appoint- 
ments as the present Indiana DeLuxe 
Cab, but is somewhat roomier and is 
built with an all-metal roof. 

Indiana “Tors-Elim” three-point sus- 
pension mounting provides a suitable 
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support for the radiator, hood, cow! 
and cam with respect to the frame. It 
frees the radiator, hood, cowl and cab 
from any torsional strain and vibra- 
tion, to which the chassis is always 
subjected. This prolongs the life of the 
cab and adds to easy riding qualities. 
This three-point suspension mounting 
maintains and keeps the radiator, hood, 
cowl and cab from being affected in any 
way, regardless of the torsional strain 


| imposed upon the chassis, and these 


units maintains their position substan- 
tially as a single unit independently of 
the chassis, according to the manufac- 
turer. 


This new mounting eliminates the 
constant punishment ordinarily received 
by the radiator, due to the constant 
twisting of the chassis. One of the 
most important advantages gained 
with this new radiator mounting is the 
improvement in the steering at high 
speeds. By severing the rigid relation 
of the radiator to the front axle as- 
sembly, the synchronizing of the ra- 
diator and hood with the vibration or 
tramp of the front axle assembly at 
high speeds over uneven or rough 
roads has been eliminated. With the 
new hood mounting in the three-point 
suspension there is no movement of the 
hood in relation to the cam or radiator, 
preventing hood squeaks, wearing out 
of hood lacing, and marring finish on 
cowl of cab and radiator. The gasoline 
tank is under the seat of the cab, also 
on a three-point mounting, freeing it 
from the extreme twists of the frame. 


Model 127-A Indiana Road Builder 
is powered with a 4-cylinder engine, 
4% by 5% in., with a piston displace- 
ment of 326.8 cu. in.—Model 627-A, 
with a 6-cylinder engine, 3% by 5 in. 
piston displacement of 331 cu. in., de- 
veloping 67 h.p. at 2,000 r.p.m. The 
transmission is the latest type 5-speed 
unit power plant, selective sliding gear 
design, five speeds forward, two in re- 
verse. A speed of 25 miles per hour 
may be obtained indirect with the 
127-A model, and 30 miles per hour in 
the over-drive, while the Model 627-A 
is capable of 30 miles per hour in direct 
and 35 miles per hour in the over-drive. 
Tires are pneumatic cord, 32x6 in. front 
and 34x7 in. dual rear. The steering 
gear is of the cam and lever type, pro- 
viding remarkable easy steering. The 
frame is of heat treated pressed steel 
construction with a breaking strength 
of 90,000 pounds to the square inch. 














New Model of Indiana Road Builder Recently 
Announced 








Duties of the Division Materials Engineer 


in Wisconsin 


Paper Presented at 17th An- 
nual Wisconsin Road School 


By M. W. MELCHER 


Assistant Engineer, Wisconsin Highway Commission 


SHALL endeavor to discuss this sub- 

ject from the standpoint of my own 
experiences in Division 8, and while 
each division has its own problems con- 
cerning materials, the general idea will, 
I believe, be applicable throughout the 
state. Obviously the work falls into 
two phases: duties in the field and 
duties in the office, but before either 
are explained let me say a word re- 
garding what might be termed pre- 
requisite activities. 


Anyone connected with the game of 
highway materials should have a fair 
knowledge of the construction and the 
maintenance work which is going on 
about him. Without question the best 
training in this respect cannot be 
gained from casual observation, but 
from actual work in the field as a resi- 
dent engineer, and actual work on plans 
in the office. This affords opportunities 
to study the effect of various materials 
in different phases of construction and 
to acquire a knowledge of the problems 
which confront various contractors, and 
which problems naturally are reflected 
in their bids on similar work in the 
future. I can frankly state that the 
four years I spent on construction work 
in Division No. 8 taught me things 
which I may possibly have learned 
through the experience of others, but 
never in as thorough a manner. 


Quite naturally a knowledge of the 
specifications is essential, for it not 
only saves you an embarrassing situa- 
tion when asked concerning them in 
general but it also places you in a po- 
sition to regard or disregard at sight 
materials concerning which you may be 
questioned. While a highly technical 
knowledge of geology is not necessary, 
I consider a knowledge of general and 
glacial geology essential to any divi- 
sion materials engineer, and this knowl- 
edge cannot be gained through books 
alone, but involves considerable actual 
work in the field. This leads up to 
just one important phase of the work— 
familiarity with the territory in which 
you work. You should know the ap- 
proximate depth and nature of bed 
rock. You should know the character 
of the overlying drift, if any—whether 
or not it is apt to be rich or poor in 
road materials, and what geologic fea- 
tures are apt to be the most common. 
You should be thoroughly familiar with 
the soil conditions. A knowledge of 
these facts often enables you to give a 
fairly intelligent answer to questions 


which may be asked you in the office 
concerning this or that particular area. 


Field Duties.—During the summer of 
each year a number of road material 
parties are sent out from the main 
office to locate surfacing material and 
concrete aggregate for the various con- 
templated construction jobs. The ma- 
terials engineer outlines the program 
of work for the party or parties as- 
signed to his division, and even though 
these parties are under the direct 
supervision of the state geologist, it is 
up to the division materials engineer to 
offer any advice or suggestions which 
may aid the party in their work. This 
he should be able to do, as he is in a 
position to know the area under sur- 
vey, and also just what is desired in 
the line of materials. After their sur- 
vey is completed he should look over 
the deposits they have found, in order 
to familiarize himself with their exact 
location, thereby saving himself or the 
test pitting party later on considerable 
time. In the case that the materials 
engineer has little or no knowledge 
of geology, the time he spends with a 
road material party will be to his ad- 
vantage inasmuch as he can in the 
source of a summer gain a fair knowl- 
edge of glacial geology. On the other 
hand, he can impart to the road ma- 
terial party engineering information 
which will help them in their future 
work. 

Work of Road Material Parties.— 
Let me say a word or two here in con- 
nection with the work of these road 
material parties. Merely because their 
chief object is to locate material do not 
assume that they can always find it 
just where we would like to have it, 
nor in the quantity or quality which 
we would always like to have it. 
Should they report no material, do not 
blame them for a situation which no 
one can help, nor consider their serv- 
ices a total loss, but bear in mind that 
it is equally important for us to know 
we have nothing as it is to know that 
we are fairly well supplied, as either 
case gives us a basis for future figures. 
Remember that one real strike on a 
long project may mean a saving of 
more than the expenses of all the par- 
ties in the field. 


In a large number of cases pits which 
supplied the original construction job 
with gravel, have supplied the counties 
with maintenance material. Quite 
often, however, the counties find it 
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necessary to locate new gravel deposits 
for their gang maintenance jobs, and 
in a number of cases we have been 
called upon to help locate material for 
this work, lack of time not permitting a 
regular material investigation. In a 
number of instances deposits suitable 
for maintenance work have been lo- 
cated, which have saved the counties 
considerable money. 


Test Pitting—Test pitting should 
follow the material investigation as 
closely as possible. The road material 
parties, with the cooperation of the 
materials engineer, recommend certain 
deposits for first consideration. Should 
these locations, which are consequently 
test pitted first, prove unsatisfactory, 
it is necessary to continue the test pit- 
ting to other locations until such 
deposit or deposits as the project de- 
mands are found. Owing to the ab- 
sence of paving work in Division No. 
8, this work concerns only the gravel 
for road surfacing purposes, in conse- 
quence of which we have not had occa- 
sion for test pitting beyond a depth of 
10 or 11 ft., the limit, I believe, with- 
out the use of cribbing. I might add 
here that the greater percentage of our 
gravel deposits in Division No. 8 are 
shallow as compared with those in the 
southern part of the state. Outwash, 
with the exception of a few deposits 
along the Chippewa, Flambeau and St. 
Croix Rivers, rarely exceeds a depth of 
8 to 10 ft. (80 per cent of the old 
beaches we have disclose a gravel face 
of less than 7 ft.). Terminal moraine 
features, including kames, are an un- 
certainty, and oftentimes require holes 
every 25 ft. to guard against probable 
sand pockets. In this connection let me 
add that the materials engineer should 
be so qualified to tell at a glance about 
how many test holes wil] be needed to 
determine the character of a formation 
and just when they will be needed. For 
example, holes in an outwash flat may 
be 100 to 150 ft. apart and still tell 
the story. Surface indications and con- 
tour almost always disclose the con- 
tent of an esker, in which formation a 
100 ft. hole is representative of the en- 
tire face, which may be 20 to 30 ft. 


Labor for Test Pitting—So far as 
test pitting labor is concerned, I will 
admit that the ideal situation would be 
a crew supplied with a small truck and 
equipped with all necessary tools, who 
could follow up the road material par- 
ties. This would, of course, mean their 
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employment from July until September 
or October. In Division No. 8, how- 
ever, the actual amount of necessary 
test pitting has never, to my knowl- 
edge, warranted such outlay and ex- 
pense. Consequently, we have up to the 
last year hired local labor to do this 
work. In most cases they were farm- 
ers who needed the $3.00 or $3.50 per 
day, and the feeling left in that particu- 
lar locality was considerably better 
than if we had imported labor. This 
procedure, however, had two bad fea- 
tures—First: Local labor was in some 
cases hard to find, thereby causing con- 
siderable delay. Second: In some cases 
it gave the local people a good insight 
into the material situation in that area, 
which later affected the price of gravel 
to a marked degree. In consequence of 
this, during the past season I carried 
two men with me during the months of 
October and November who did most 
of the test pitting for the 1928 season. 
In some instances it was necessary to 
hire additional labor, and while it is 
true that these men did not do actual 
test pitting for 10 hours each day in 
the week, there was always the satis- 
faction of knowing that they were 
available when wanted. The data gath- 
ered from the test pitting operations in- 
clude the exact location of the deposit, 
with reference to section lines or other 
established point, owner, records of the 
test holes, enough screen analysis so 
that the average will be representative 
of the entire deposit, the exact dead 
haul to the project and the nature of 
this dead haul. Inasmuch as we now 
have a number of the material investi- 
gations for 1929 made, we will in ad- 
dition to the remainder of these have 
the 1930 investigations well under way, 
if not completed, by the end of next 
summer. This will enable us to do con- 
siderable test pitting for 1930 next 
year, thereby giving us an opportunity 
to know the exact material situation 
two years before the construction 
starts. 

Purchasing or Leasing the Deposit.— 
After a satisfactory deposit has been 
located and thoroughly test pitted, it 
should be bargained for as soon as pos- 
sible. This is at times quite easy to do. 
At other times it presents a problem 
which requires both time and patience, 
for there are property owners who 
want exorbitant prices for their land, 
when they realize that either the state 
or county desires it, others who do not 
care to sell any fraction of their land, 
but will dispose of the forty, and others 
who do not care to sell at all. 


Without question the most advan- 
tageous deal for us is a deed to the de- 
sired parcel. However, there are a few 
owners who do not care to sell out- 
right, in some cases their titles not 
being clear, in others merely the fact 
that they do not care to have the rec- 
ords changed. In such cases the next 
best deal is a lease, and should the 
quantity of desirable material be large, 
the term should be long enough to en- 
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able the county to completely exhaust 
the deposit before the lease expires. I 
would say that a 15 or 20 year lease is 
almost as good as a deed. Where a 
deposit shows signs of being exhausted 
with the completion of the project, a 
short term lease is of course equally as 
good as one of longer term. In some 
cases owners have sold only under 
threat of condemnation proceedings. 
Purchasing gravel on a yardage basis is 
resorted to only in excess cases in 
Division No. 8, sometimes where the 
owner has previously disposed of gravel 
in that manner, others where the de- 
posit is so small that it makes little 
difference. 


I consider it poor policy in the case 
of larger deposits, for the reason that 
in the course of years the amount ex- 
pended will amount to thousands of dol- 
lars. In addition, take a case where 
material for a project has been pur- 
chased on a yardage basis, and after a 
few years we wish to resuface the job, 
or possibly the one adjacent. The 
owner may feel that he has a monopoly 
on material inasmuch as his pit has al- 
ready been opened and the quality of 
material is known, and in consequence 
he may raise the price. In a case 
where he actually is in possession of 
the best deposits we would be forced 
to pay the additional cost, a situation 
which could have been avoided had the 
land been bought or leased in the first 
place. When funds are not available 
for the project the deposits should be 
optioned to secure for a year during 
which time funds may become avail- 
able; or the counties may be induced to 
advance the money. 


Advice to Contractor.—When surfac- 
ing operations are begun the materials 
engineer is able, in a great number of 
cases, to give the contractor consider- 
able advice regarding his plant, set-up 
and methods of operation and removal, 
not so much perhaps with the idea of 
saving him money, but with the idea 
of speeding up the job and guarding 
against what might have been an un- 
necessary delay. After the plant is in 
operation he should make occasional 
trips over the job. He is in the best 
position to know what the pit can pro- 
duce, and what the resultant product 
should be. Screen analyses of the prod- 
uct coming from different pits must 
compare favorably with the screen 
analyses which were taken before the 
pit was opened. In a number of cases 
we have found it necessary to make 
slight changes in the operation methods 
in order to get what was wanted. 


Among the other field duties of the 
materials engineer is the inspection of 
materials for culverts and bridges. 
Should the aggregate be produced lo- 
cally it is necessary to test for silt con- 
tent and organic matter, and in the case 
of the coarse aggregate, graduation of 
pebbles. Even in the case of aggre- 
gate secured from commercial plants 
we sometimes find it necessary to run 
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a few tests, where the material looks 
doubtful. 

Metal culvert pipe for the ensuing 
season will have to be checked as to 
gauge, size, proper amount of spelter, 
proper lap and condition of rivets by 
the division materials engineer, who 
will also take samples of the pipe for 
a chemical analysis. Only after this is 
done and the results found satisfactory 
will the pipe be considered O. K. The 
scope of duties also calls for some at- 
tention to be paid to the problem of 
dust prevention, not alone from the 
standpoint of public safety but also 
from the standpoint of conservation of 
materials. 

We have also taken screen analyses 
of different crushed material which was 
placed on various projects in an at- 
tempt to determine just what effect the 
gradation of materials has with regard 
to wash boards. This data has been 
plotted, and the resulting curves are 
rather interesting from that standpoint, 
although we have not yet enough dif- 
ferent jobs to arrive at any definite con- 
clusion. 

Office Duties.—As the materials engi- 
neer is in possession of all of the data 
concerning materials, he is the logical 
source of information regarding it. 
Consequently, he is in a position to pre- 
pare all estimates concerning gravel 
surfacing, and this includes clearing, 
grubbing and stripping the pit, sand re- 
moval, loading, screening, crushing and 
hauling. He should also be in a posi- 
tion to prepare estimates in regard to 
top soil, loose and solid rock. He 
should be able to state offhand whether 
or not there is a possibility of local ag- 
gregate in bridge or culvert construc- 
tion, or where the most likely source is 
apt to be. 

All the information or data pertain- 
ing to materials, which has been gath- 
ered by the road materials parties or 
the materials engineer, must be re- 
corded in an orderly fashion in the 
office. We have in Division No. 8 a 
large map of the division on which all 
gravel deposits located by road material 
parties or the division are indicated by 
numbers. Corresponding numbers ap- 
pear on cards whieh contain all the im- 
portant data concerning that location. 
These cards are filed by counties and 
are kept in a Kardex case. This en- 
ables any one to get the location of a 
material deposit by consulting the map, 
and then in a few moments gather all 
the data from the cards. We are mak- 
ing an attempt to secure all data on 
county owned pits and include this in 
our system. With reference to the map, 
we have found the use of colored map 
tacks very helpful, inasmuch as they 
may be used to indicate exhausted pits, 
worthless deposits, proposed pits for 
the season, ete. It is obvious that un- 
less this data is brought up to date each 
year it will soon become obsolete. 

In conclusion let me say that it is 
highly important for the materials en- 
gineer to look ahead and consider just 
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what the materials situation will be 
over a period of 5 or 10 years, keep- 
ing in mind that one important fact 
that materials are continually being 
exhausted without showing the slight- 
est sign of being replenished. Let me 
urge that plant set-ups be so governed 
as to make the most of the situation— 
i. e., to take every bit of material be- 
fore the pit is finally abandoned. So 
often you see a pit where the heart 
of the material has apparently been 
gouged out, leaving a few hundred or a 
few thousand yards on either side 
which might be considered inaccessible. 
This is practically true in localities 
where gravel is so plentiful that the 
common supposition is that it is almost 
inexhaustible, but bear in mind that 
some day the very pits which have 
been so abandoned will be reopened in 
hopes of gaining a few hundred yards 
of material, and the oversize material 
which has been wasted in pits will be 
crushed to size. Remember also that 
material which we now scorn because 
of its inferior quality will some day 
be considered a life saver, and as a 
final word let me urge the counties to 
purchase as much material as they con- 
veniently can even though they have no 
immediate use for it, bearing in mind 
that it will never become any cheaper 
than at the present time but on the 
contrary will become more and more 
expensive as time goes on. 





Colorado Puts New Patrol 
System in Effect on 


Federal Aid Roads . 


On May 1 the State Highway De- 
partment of Colorado took over the 
maintenance of all its Federal Aid high- 
ways. In the past this work has been 
done under the supervision of the 
county commissioners, the counties and 
the state dividing the cost. This system 
proved unsatisfactory to the U. S. 
Bureau of Public Roads, which demands 
that the Federal Aid net work be kept 
up to a certain standard. Some details 
of how the state will handle the main- 
tenance work are given in the April 
issue of Colorado Highways, from which 
the matter following is taken. 

The state has purchased $390,000 
worth of road equipment, including 73 
tractors, 100 graders, 40 maintainers, 
plows and hand tools. The state also 
has 40 trucks for use as power units 
for maintainers and for hauling gravel. 

Maintenance forces will be divided 
into 125 crews of two men each, each 
crew, with approximately 25 miles of 
Federal Aid road to patrol regularly, 
insuring steady efficient maintenance of 
each Federal road, which bear the most 
travel of any of the Colorado highways. 

During the last 30 days the equip- 
ment has been received and distributed 
in all parts of the state. The larger 
power units have been assigned to 
patrols located in the higher altitudes, 
while the smaller tractors were distrib- 
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uted in the plains counties. The grad- 
ers were of 7 and 8-ft. blade capacity, 
while the tractors range from 20 to 40 
h.p. 

Traffic surveys made by the depart- 
ment during the past two years show 
that nearly 85 per cent of all the mo- 
tor traffic in the state is served by the 
Federal system. The sum of $1,000,000 
was set aside in the budget for main- 
tenance in 1928. In counties having 
now Federal roads, the state will share 
the cost of maintenance on a 50-50 
basis. There are eleven such counties. 

Each patrol crew will be provided 
with a tractor or a truck and a grader 
or maintainer, together with other nec- 
essary equipment. These crews will be 
employed throughout the year. They 
will be kept constantly at work on their 
particular section of road. 

The graders are all equipped with 
searifiers. With these the rough places 
on the roads may be scarified and then 
smoothed out with the blade machine. 

Forty . government army trucks, 
bought by the department at nominal 
prices after the war, have been com- 
pletely rebuilt and reconditioned. Some 
of these trucks had never been un- 
crated and were in the same condition 
as when shipped from the factories. 
They are 2 and 3-ton capacity. 

So far as possible the crews em- 
ployed by the state have been men who 
live in the locality where they will be 
stationed. The majority are men who 
formerly were employed by counties 
and are experienced in the work which 
they will be required to perform on 
the Federal Aid system. 

To those crews who will be employed 
on concrete pavement maintenance the 
department has sent the following 
memoranda, stressing the importance 
of their task: 

It should be no small part of the 
task of organizations engaged in the 
construction of highway systems to give 
“service” on the roads after they are 
built. The motorist who learns to de- 
pend on service stations operated by 
the manufacturer of the car he drives 
has the same right to expect careful 
and constant maintenance of the road 
over which he travels. Also the tax- 
payer who pays for the pavement is 
entitled to the utmost protection of his 
investment. 

Concrete pavements, like all other 
types, must be maintained to give max- 
imum service. There is in many quar- 
ters a tendency to take it for granted 
that concrete will stand up without 
attention; a tendency which is not war- 
ranted by the ratio of cost of main- 
tenance to the first cost of construc- 
tion. 

Too much stress can not be laid on 
the desirability of early maintenance; 
that is, the careful inspection and nec- 
essary repairs during the critical period 
of the first year after construction. 
This would include first of all the most 
obvious need of keeping the joints and 
cracks filled with bitumen. Less obvi- 
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ous is the necessity of watching for 
the subgrade failures which are usually 
the cause of breaks in concrete pave- 
ments when they occur. Maintenance 
of shoulders is essential to prevent 
settlement of the subgrade along the 
edges of the pavement. On new pave- 
ments careful watch should be kept of 
points of subgrade weakness such as 
points of change of grade, approaches 
to bridges and culverts, points where 
cut sections change to embankment, 
sections known to be laid on subgrade 
of doubtful bearing power and edges 
of pavement on heavy fills or side hill 
sections. By prompt discovery of settle- 
ment or heaving of slabs or settlement 
of subgrade at edge of slab, the defect 
can be remedied at slight cost before a 
succession of heavy loaded vehicles 
breaks the pavement slab. 





Improved Highways Little 
Damaged by Mississippi 
River Flood 


Highways and bridges in the flood 
districts of Illinois, Missouri, Kentucky, 
Tennessee, Arkansas, Mississippi and 
Louisiana were damaged to the extent 
of $3,949,900 by the recent overflowing 
of the Mississippi River according to 
the American Road Builders’ Associa- 
tion. 

Improved highways withstood the on- 
rush of water without serious damage, 
the association asserts. Roads without 
improvement were in many cases virtu- 
ally wiped out, causing an expensive 
delay in traffic and curtailing the move- 
ment of necessary food and shelter 
supplies. Bridges were completely de- 
stroyed in sections where the founda- 
tions were not constructed to withstand 
the swift moving waters. 


The damage to public highways and 
bridges has been estimated at $2,738,- 
100, and the damage to privately owned 
roads and bridges at $1,211,800. The 
loss constituted less than 1.7 per cent 
of the estimated flood losses of $236,- 
334,414 as compiled by the Port of 
New Orleans. The most serious loss in 
the flood was that of growing or newly 
harvested crops which totalled approxi- 
mately. $73,541,000. 

The American Road Builders’ Asso- 
ciation urged the immediate construc- 
tion of an adequate highway system de- 
signed to withstand the maximum flood 
waters in those sections subject to over- 
flow. The existence of these roads, it 
was stated, will facilitate the salvage of 
personal property, protect human life, 
and permit speedy reconstruction of 
damaged areas. 

Good roads in the Florida counties 
struck by the hurricane last year were 
opened for motor travel within a few 
hours after the storm had subsided. 
The quick movement of first aid sup- 
plies and rations over these roads un- 
questionably was responsible for the 
saving of many lives, it was said. 
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Some Illustrations of Improvements Affected by a Little Landscape Work Along Massachusetts Highways 


(1) An Old, Rotten and Unsightly Growth of Stumps, and (2) Stumps Removed Allowing Rapid Development of the Secondary Growth (3) and (4) 
Before After Views of Landscape Cutting (5) Developing a Group of Birches (6) Showing How Tree Surgery Can Improve Trees of Undesirable 
Shape (7) Grey Birch, with Brash and Lower Limbs Removed for Sa (8) Landscape Greatly Improved by a Tree Planting Along a 

a ence 

























HE Massachusetts Department of 
Public Works is empowered by law 
to make roadside improvements, the 
work including such plantings, replace- 
ments, and care as may be necessary. 
When a road is laid out as a state high- 
way, it is generally made sufficiently 
wide to provide an area on each side 
of the traveled portion for roadside im- 
provement. No tree, shrub or plant 
within such a highway can be cut, re- 
moved, or new ones added without a 
permit from the highway department. 
The work of roadside improvement is 
done by the maintenance division of 
the department of public works, which 
is in charge of G. H. Delano, Highway 
Engineer. The cost is included as a 
part of the regular maintenance expen- 
diture of the State. The State has a 
nursery at Palmer, Mass., where trees 
and shrubs are propagated and where 
J. H. Taylor, Highway Landscape 
Supervisor, trains men in the care of 
trees and roadside beautification. This 
nursery is a part of the maintenance 
division. The following outline shows 
the scope of the work being done. 
Attention to Native Material 

Removal of Dead Material—Dead 
and dangerous branches are systemati- 
cally removed. Trees entirely dead are 
removed and stumps cut 6 in. below the 
ground surface. 

First Aid to Injured Trees.—Mechan- 
ical wounds to trunk or branches are 
trimmed and sealed with tar. Trees 
split or in danger of splitting are fast- 
ened with bolts or cables. Open cavi- 
ties are suitably repaired. 

Care of Trees.—Unsightly, abnormal, 
or rubbing branches are removed. 
Pruning and shaping is done by trained 
men. Spraying is done when necessary. 
Preservation and culture of natural 
growth is important work. Intelligent 
care of this sort will add much to the 
future beauty of roadsides. 

Safety Work.—Standard traffic clear- 
ance is maintained. 

Landscape Cutting.—Vistas of moun- 
tains, lakes and streams are developed 
by removal of foliage screens. 

Wire Clearance Work.—The state 
supervises all tree trimming for pas- 
sage of public service wires and pro- 
hibits careless and unnecessary cutting. 

Public Enjoyment and Education.— 
Roadside springs are made available to 
travelers. Benches are provided in suit- 
able places. Public cleanliness is in- 
vited by placing rubbish barrels. 





How Massachusetts Is Improving 


Her Roadsides 


General Plan of Beautification and- 


Methods of Handling the Work 


R. E. TRIBOU ° 


Assistant Highway Engineer, District 9, U. S. Bureau of Public Roads 





The work of roadside treatment 
which Massachusetts started in 
1921 has within a relatively few 
years produced a marked effect on 
the beauty of its highways, which 
will be even more striking in 
future years. Massachusetts is 
one of the few states where or- 
ganized attention is given to road- 
side beautification, and because of 
the general interest in the subject 
it appears to be worth while to 
present a short description of the 
general plan of beautification and 
methods of handling the work 
which have produced good results 
on a considerable mileage of road 
at a very reasonable cost. We 
accordingly are reprinting an in- 
teresting article on this subject 
from the April issue of Public 
Roads, the official publication of 
the U. S. Bureau of Public Roads. 











Introduction of New Material 
Healing Construction Scars.—Gravel 
and sand slopes are planted with small 


pines or other adaptable ground cover. 


Grass or shrubs are planted where the 
soil will support growth. 

Tree and Shrub Planting.—Trees, 
shrubs and vines adapted to soil con- 
ditions are planted on roadsides, traffic 
islands, behind guard rails or stones. 

Replacements.—Historical and nor- 
mal growth is perpetuated by annual 
replacement of the dead with the living. 

Maintenance.—The success of all 
planting depends solely upon mainte- 
nance. Young trees and shrubs must 
have care. The future beauty of trees 
depends largely upon their training in 
youth, which means that trees should be 
staked and pruned annually and intel- 
ligently. Shrubs must be cut back prop- 
erly to insure a graceful maturity and 
soil about the base of all planted stock 
kept open for proper moisture and air. 
Such work is imperative and must be 
done regularly. 

The men engaged in this work are 
advised to study how nature plants and 
imitate it as far as possible. The ob- 
ject is to keep the roadsides as natural 
as possible by the use of native mate- 
rial. A Colorado blue spruce on a Mas- 
sachusetts roadside is distinctly out of 
place and artificial, since it is not char- 
acteristic of Massachusetts. Importa- 
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tions may be attractive but they do not 
reflect the personality of the State. 

Plantings on roadsides are mainly 
confined to new construction for sev- 
eral reasons. The wider locations (60 
ft. or more) give more opportunity for 
scenic development, and these relocated 
and widened roads promise a fairly un- 
disturbed future. Shade trees are 
planted as near as possible to the side 
line, but for the most part the monot- 
ony of straight lines and even spacing 1s 
avoided. Grouping of trees and shrubs 
is at all times preferable. 

Planting Procedure.—After a con-~ 
struction job is completed the plan of 
treatment is determined by an employee 
trained in the work, who locates the 
various plantings on a blue print of the 
layout, using colored pencils. Next the 
ground is staked for digging. Digging 
costs are decreased 50 per cent and 


‘an extended area is stirred up when 


holes are blown by dynamite. Pits are 
filled with the best soil obtainable. 

An order for the necessary planting 
material is forwarded to the nursery 
and the material is delivered by trucks 
and trailers. Plantings are carefully 
made, giving the trees or shrubs every 
opportunity to get a good start and 
each plating is staked. After the plant- 
ing has become well established a final 
grubbing is given. 

The results which are being secured 
are best described by the accompanying 
illustrations which were taken by J. H. 
Taylor, Highway Landscape Supervisor. 





Uniform Day for Opening Bids 

Wednesday has been selected by the 
California State Department of Public 
Works as a uniform week day for the 
opening of bids on construction work. 
The selection was made by B. B. Meek, 
director of the department, at the re- 
quest of the contractors of the state. 
It was stated by the latter that Mon- 
day, the day upon which bids have 
previously been opened, worked a hard- 
ship upon contractors in that it 
conflicted with county and city bid open- 
ings. It was also urged by contractors 
that it was sometimes difficult for them 
to make the required banking arrange- 
ments at the end of the week in read- 
iness for Monday and on that account 
added several days’ bank interest. The 
difficulty of securing material quota- 
tions at the end of the week was also 
given as a reason for making the 
change. 
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Examples of Readside Treatment Along the Highways of Massachusetts 


1) The Elderberry Is Worth Saving (2) The “Glory of Common Things” (3) A Border Planting (4) Softening the Harsh Lines of Protective 
tones (5) A Beach Plum Border on Cape Cod (6) An Unsightly Gravel Bank Which Has Been Covered with Honeysuckle (7) Evergreen Plantings 
Liven the Winter Landscape (8) Pine Planting on Untreated Bank 
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Formation of City Officials 
Division of the Ameri- 


can Road Builders’ 


Association 

With the success that attended the 
formation of the Division of County 
Highway Officials of the American 
Road Builders’ Association, it was 
clearly demonstrated that it was logical 
for the association, through various 
divisions, to represent the entire high- 
way industry. 

At the last convention of the Road 
Builders’ Association, the County High- 
way Officials’ Division plainly brought 
out the value of such divisions in the 
work of the association. On County 
Highway Officials’ Day the program of 
the convention was conducted by county 
highway officials and consisted of rep- 
resentatives of the various committees, 
whose reports were the result of nearly 
a year’s work of engineers located 
throughout the United States. The in- 
terest displayed was exceptional and 
the value of the reports as a standardi- 
zation medium was quickly recognized 
by county officials. 

The directors of the American Road 
Builders’ Association, acting upon the 
request of several city officials, au- 
thorized the formation of a City Offi- 
cials’ Division of the American Road 
Builders’ Association. The division will 
be governed by its own constitution and 
by-laws and will elect its own presi- 
dent, vice-presidents and directors. It 
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will retain the identity of a city officials’ 
organization but will remain a division 
of the American Road Builders’ Asso- 
ciation. In addition to the president, 
vice-presidents and directors, the divis- 
ion will operate through contact men 
located in all the principal cities of 
the country. 

The policy of the Division for the 
present will be to apply itself to the 
street and highway problems of cities. 
There will be several committees ap- 
pointed, made up of city officials from 
different cities throughout the United 
States, and the reports of these com- 
mittees will be presented on City Offi- 
cials’ Days at the next convention. 

There are many problems within the 
cities that are still demanding the best 
attention of engineers. With the for- 
mation of the City Officials’ Division, 
it is expected that many details which 
now lack agreement will soon be stand- 
ardized. 

The organization meeting for the City 
Officials’ Division will be held the early 
part of June at the headquarters of the 
association in Washington. It is urged 
that all city officials attend and take 
an active part in the affairs of the 
Division. 





Gas Tax Increases Road Revenue in 
Maine.—The state of Maine will have 
an increased revenue of $700,000 a 
year, it is estimated, as a result of the 
law raising the tax on gasoline from 3 
to 4 ct. a gallon. 
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Recent Accomplishment of 
Road and Paving Material 
Committee of Am. Soc. 


Testing Materials 


The spring group meeting of the 
committees of the American Society for 
Testing Materials was held at Washing- 
ton, D. C., on March 21, 22, 23. The 
following is a summary of the work of 
Committee D-4 on Road and Paving 
Material: 

At the meeting of the committee held 
on March 23, interesting developments 
were reported in connection with both 
bituminous and non-bituminous materi- 
als. Among the former a complete 
form of practice for the inspection of 
bituminous paving plants engaged in 
the production of all classes of bitumi- 
nous paving mixtures was presented 
and recommended for adoption. 

The section having charge of the de- 
velopment of a new distillation test 
presented a report showing marked 
progress in establishing the accuracy 
and adaptability of the new distillation 
test when carried on by a number of 
different operators. The method of 
demonstration consisted in gathering in 
a single laboratory, representatives of 
a number of state highway departments 
and several large industrial organiza- 
tions who conducted the test simultane- 
ously on identical samples with very 
concordant results. 

Along non-bituminous lines, a report 
dealing with materials, proportioning 
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Old Fashioned Power Moves Modern Machinery in Brazil 





The view above shows a Stroud elevating grader on a road job at Porto Alegre, Brazil, South America. This outfit, owned by the State Govern- 
ment of Rio Grande do Sul, the southernmost province of Brazil, is shown being pulled by 14 oxen, or “bulls,” as they are called throughout the 
tropics. It is an odd case of modern machinery operated by an age-old motive power, and is typical of a great deal of work in the south. The 
oxen are driven by 5 men who use long pointed poles (goads) or, as they are sometimes called, “prods,” to keep the “bulls” on the move. One man 
is used on the grader, and the other two men shown riding the grader in this picture happen to be visitors. Yoke of oxen make reliable and 
cheep motive power in climates where the heat would even cut down or destroy the usefulness of the mule and where repair facilities for tractors 
may not be available nearby. While slow, a yoke of bulls will usually give consistent progress and plenty of power. Another advantage besides 
their ability to work under excessive conditions of heat is that they give but little trouble and can be turned loose at night to live off the country. 
Tractors, however, are fast supplanting them in the tropics. 
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and curing methods for portland cement 
concrete pavements and bases was 
presented and recommended for publi- 
cation with a view to eliciting criti- 
cisms, which should make possible the 
preparation of a detail specification for 
these features of concrete pavements 
and base construction within about a 
year’s time. 

Following the regular meeting of 
Committee D-4 an organization meet- 
ing of the newly created Sectional Com- 
mittee on Methods of Test for Road 
and Paving Materials, functioning 
under the procedure of the American 
Engineering Standards Committee, and 
whose personnel is identical with that 
of Committee D-4, was held; at which 
it was voted to submit the following 
A. S. T. M. methods to the A. E. S. C. 
for approval as American Standard, 
subject to approval by letter ballot vote 
of the committee: For Determination 
of Bitumen, for Penetration of Bitumi- 
nous Materials and Float Test for 
Bituminous Materials. 

Julius Adler, Consulting Engineer, 
1228 Spruce St., Philadelphia, Pa., is 
chairman of the Committee and Pre- 
vost Hubbard Chemical Engineer the 
Asphalt Association, 441 Lexington 
Ave., New York City, is Secretary. 





New Core Drill for Pavement 
Testing 


A new core drill for removing cores 
of concrete pavement to permit inspec- 
tion of its structure, materials and 
thickness has been brought out by the 
Sullivan Machinery Co., 92 East Ad- 
ams St., Chicago Ill. This new drill is 
operated by a gasoline engine, weighs 
772 lbs., and is intended to be mounted 
on the rear end of a motor truck. It 
drills a 6%-in. hole, removing a 6-in. 
core at the rate of 1 ft. in 15 to 20 
minutes. A 7-in. pavement has been 
penetrated in nine minutes. This speed 
enables it to take from 20 to 30 sam- 
ples per 8-hr. day. With the core bar- 
rel usually furnished, this machine will 
drill to a depth of 18 in. 

The core drill consists of a drive rod 
rotated through bronze worm gears by 
a direct-connected gasoline engine. The 
drive rod is kept in alignment by sub- 
stantial side rods connected to a cross- 
head at the bottom of the drive rod, 
and running through cylindrical sleeves 
which are cast in one piece with the 
heavy bedplate or frame supporting the 
drill and engine. 

At the lower end of the drive rod is 
a spider to which the core barrel, 6 in. 
in diameter, is bolted. The drill is fed 
downward automatically by means of 
a double rack cut on the side rods re- 
ferred to, and double pinions. The 
speed is controlled by a hand lever 
which is weighted, the weight being 
shifted in or out on the lever as de- 
sired, so as to secure the proper pres- 
sure on the core barrel for drilling. 

The crosshead is equipped with a 
ball bearing which takes both the 
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Sullivan Pavement Testing Core Drill in Drill- 
ing Position 
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radial and thrust loads and provides a 
very rugged and rigid support for the 
barrel. 

The drive gears at the top of the 
drive rod mesh with the drive gear on 
the end of the shaft of a Buda 6 h.p. 
two-cylinder opposed type, air-cooled 
engine, and the gears are totally en- 
closed, running in a bath of oil. 





Heavy Duty Engines for 
MultiFoote Pavers 


As highway engineers and contrac- 
tors have shown a decided preference 
for heavy duty, six cylinder engines on 
pavers, the Foote Company, Inc., of 
Nunda, New York, announce the adop- 
tion of six clinder Hercules engines as 
optional equipment on the 1928 Multi- 
Foote pavers. The heavy duty Hercules 
engines have proven exceptionally 
sturdy and dependable in their exten- 
sive use on buses and trucks in the 
automobile field, according to the manu- 
facturers. However, the Foote Com- 
pany tested and tried out the engines 
under actual operating conditions be- 
fore equipping a 1928 MultiFoote with 
the Hercules engine and exhibiting the 
equipment at the Cleveland Road Show 
this year. Deliveries of pavers using 
the heavy duty Hercules engines were 
started shortly after January 1. 

Probably the most noteworthy ad- 
vantage brought about by the optional 
equipment is the excess power produced 
by the Hercules motor. The type used, 
Y X C of 4% in. bore and 4% in. 
stroke, develops 60 h. p. at 1150 r. p. 
m.—the speed at which it is ordinarily 
operated—but it can develop 75 h. p. at 
1480 r. p. m. without harm or excessive 
vibration. Since it has been found that 
60 h. p. gives a large power surplus 
for most operations, the Y X C model 
can handle the usual loads so easily 
that there is very little wear and tear 
on the motor. This will give exception- 
ally long motor life and eliminate many 
delays usually caused by adjustment or 
replacement. 
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The new addition to the engines now 
provided for the MultiFoote pavers is 
reported to be one of the best built 
and has the excellent features of a 
seven bearing crank, built in governor, 
oil filtrator, alloy steel cylinder block, 
and a large 3 in. diameter crankshaft. 
At the same speed the Hercules engine 
is capable of developing 50 per cent 
more power than engines formerly used. 

Special attention has been given the 
problem of efficient cooling and in the 
new engines water, driven by a water 
pump delivering 46 gallons of water 
per minute at 1,000 r. p. m., is directed 
in a stream around each exhaust valve. 
The top of the guide comes close to 
the head of the valve, thus bringing 
the jacketed portion of the guide near 
the valve head. Also the design of the 
crankcase gives unusual rigidity, as it 
is integral with the cylinders. 

By the addition of the heavy duty six 
cylinder Hercules the Foote Company 
now has three different motors, pre- 
senting a wide range to take care of 
any highway builder’s needs. However, 
the bulk of their demand for pavers 
during the last year was for pavers 
with six cylinder engines capable of 
heavy duty, and the increasing call 
along this line is expected to favor the 
excess powered MultiFoote paving lay- 
ers. The Foote Company pioneered in 
the use of six cylinder engines on 
pavers, and they now claim to be the 
first manufacturers to adopt a real, 
heavy duty, six cylinder motor. The 
modern trend is for sturdier, more 
dependable, and more economical ma- 
chines—according to the Foote engi- 
neers—and the 1928 MultiFoote was 
designed to operate under the most ad- 
verse conditions at maximum capacity 
without slowing up the work of placing 
concrete. 


A New Auto-Strada for Italy 


An announcement has been made that 
the national government of Italy has 
officially approved the construction of 
an “auto-strada” (automobile high- 
way), to connect the cities of Florence 
and Viareggio, according to a report 
from Consul Joseph E. Haven released 
by the Department of Commerce. This 
“auto-strada” will be similar in general 
respects to that connecting Milan with 
Como and will cover a distance of 84 
kilometers (51 miles). From Viareggio 
to Leghorn a good road is already in 
use, so that in reality the new highway 
will give direct connections between 
Florence and Leghorn, passing through 
Empoli, Pontedera and Pisa. 

The period of construction will oc- 
cupy three years and the cost is esti- 
mated at 90 million lire (about $4,640,- 
400), half of which is already sub- 
scribed by the various cities and towns 
along the route. The new highway will 
be used exclusively by automobiles and 
the cost of upkeep, together with inter- 
est on the investment, will be obtained 
from the fees or tolls collected from 
motorists. 
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Black Base in South- 
ern States 


Extract from Paper Presented at 6th 
Annual Asphalt Paving Con- 
ference 


By WARREN H. BOOKER 
Consulting Engineer, Charlotte, N. C. 


LACK base in the South is neither 

a novelty nor an innovation. Some 
of the earliest black base laid in the 
South was a project of approximately 
30,400 sq. yd. on Liberty St., Savannah, 
Ga., in 1889. This pavement was re- 
surfaced in 1908 and from a recent 
report, the pavement is in good condi- 
tion and rendering excellent service to- 
day. Although asphait streets were 
laid in Washington, D. C., as early as 
1876 the use of bituminous concrete 
as a base course in the Southeast prob- 
able dates back to the laying of the 
Savannah project thirty-eight years 
ago. The black base pavements in 
Washington are the oldest of the type 
of which I am aware. Many thousands 
of yards are now in existence and range 
in age from 35 to 45 years. 

Today black base, in some form, is 
being laid in nearly every Southern 
state, and within recent years the 
amount laid each year has been in- 
creasing by leaps and bounds. 

As previously stated, black base is 
closely allied to other forms of flexible 
construction. 

The true black base pavement is one 
composed of a coarse aggregate as- 
phaltic concrete only, as a base, usually 
with some approved type of asphalt 
wearing surface, laid directly on a 
stable earth sub-grade. The dimen- 
sions of this type for the heaviest 
traffic should be 4% in. of black base 
and 1% in: of wearing surface. Al- 
though for medium traffic the thick- 
ness of this pavement can safely be re- 
duced to 3% in. of black base with a 
1% in. wearing surface. In state high- 
way construction an inverted harder 
curb of black base should be used. In 
city work the curb and gutter suffice. 


Triaxial Diagram for Black Base.— 
For several years the writer has used 
very successfully the little triaxial dia- 
gram issued by the Asphalt Association 
for selecting and proportioning sheet 
asphalt sands. This little diagram has 
proven a convenience, a great time- 
saver and a ready means for not only 
setting the original mix but more es- 
pecially, for considering extraction tests 
and comparing laboratory results with 
specification requirements and directing 
the necessary modifications of the pro- 
portions to meet the ever-changing size 
gradings found in the stock piles. 

On a recent black base project, the 
writer took occasion to adopt this same 
triaxial diagram to similar uses in con- 
nection with black base work. Since 
the usual specifications for black base 
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call for a 3-size grading by percentages 
of weight, this triaxial diagram, it will 
be seen, can readily be adopted for pro- 
portioning mineral aggregates for black 
base as well as sands for a sheet as- 
phalt mix. In fact, this triaxial dia- 
gram can be used with any mineral 
aggregate regardless of size, just so 
there are 3-size gradings governing. 

In the usual specifications for com- 
plete black base mixes the three sizes 
of mineral aggregate by percentage are 
from 15 per cent to 45 per cent of 
coarse material ranging from 1% in. 
to % in. in size; 15 per cent to 45 per 
cent of intermediate material ranging 
from % in. to % in. in size and 25 per 
cent to 40 per cent of fine material pass- 
ing a %-in. screen together with from 
4 per cent to 7 per cent of asphalt 
cement. These percentage limits for 
mineral aggregate alone allowing 5 per 
cent for asphalt cement have been 
plotted on the triaxial diagram to adopt 
it for use for black base. 

As in the case of sheet asphalt, the 
limits of the standard specifications are 
rather wide, which tend to make it 
comparatively easy to get a sheet as- 
phalt or black base mixture to come 
within the specification limits. By 
means of the triaxial diagram any par- 
ticular sand, gravel, stone or combina- 
tion of aggregates is represented by 
just one point readily ploted on this 
chart and from this point one is able 
to see at a glance not only just which 
way and how much the mixture differs 
from the ideal but just what material 
and how much is needed to make the 
resulting mix more nearly approach 
the ideal mix desired. 


The Sub-Grade—In laying black 
base, perhaps the greatest single con- 
sideration should be for sub-grade. In 
general, the sub-grade in the South is 
usually either a sandy, gravelly mate- 
rial from which the water drains readily, 
except where the adjacent land is wet, 
swampy and undrained for at least a 
portion of the time; or else the sub- 
grade is a close, dense, clayey material 
from which the water drains with diffi- 
culty.” 

Black base is admirably adopted to 
the latter case and is coming to be 
used more and more where the former 
type of material is encountered. 


Improving Sub-Grade.—In the case of 
sandy, gravelly, or but partially drained 
soils which cannot be compacted by 
rolling or ordinary methods the remedy 
is to be found very largely in adequate 
drainage in one or more of the various 
forms ordinarily used, and especially, 
by filling in with suitable material and 
raising the elevation of the sub-grade 
well above any possible water level. 

Where adequate drainage is imprac- 
tical, or where all or a large part of 
the sub-grade is spongy and cannot be 
readily compacted by means of a 10 to 
12-ton, 3-wheel roller, a black base is 
not to be recommended unless the sub- 
grade can be in some way improved or 
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rendered capable of adequately support- 
ing the pavement. 

As a means of improving wet sub- 
grades, it is surprising to note the effect 
of placing a roof of water-proof bitu- 
minous pavement upon a questionable 
sub-grade. In many instances, sub- 
grades that are ordinarily too wet be- 
come entirely satisfactory for sub- 
grade purposes after they are covered 
with a roof of water-proof black base 
and pavement. It is well known that 
more trouble results from wet and 
softened sub-grades resulting from 
cracks and leaks in the pavement than 
from lateral percolation into the sub- 
grade under the pavement. 


In cases of local, soft, spongy places 
where stumps have decayed or where 
holes or ditches have been filled with 
organic or other objectionable matter, 
the remedy is simply to replace this 
matter or a sufficient amount of it with 
good sub-grade material, thoroughly 
compacted. 


In other places the sub-grade can 
readily be improved by means of a. 
broken stone sub-base, clay-filled gravel, 
or similar material compacted to a 
depth of from 2 in. to 5 in., as the local 
condition may require, Such a sub- 
grade greatly improves the situation 
by increasing the bearing area and ~ 
thereby reducing the unit loading on 
the sub-grade. In such cases the thick- 
ness of the black base can usually be 
safely reduced to from 2 in. to 8 in. 


_ Green Fills.—Green fills are some- 
times almost unavoidable. Frequently 
they must be made to support traffic on 
some form of pavement. In such cases 
where uneven settlements occur the flex- 
ible black base gradually conforms to 
the settled sub-grade without breaking, 
cracking or raveling, thereby deriving 
the maximum supporting power from 
the sub-grade. Where it is later de- 
sired to level up the wearing surface, 
this may readily be done at nominal 
cost by means of leveling patches with- 
out, in any way, disturbing the base. 
In addition to the leveling effect of 
these patches, by increasing the thick- 
ness of the pavement they materially 
increase the area of the bearing sur- 
face for the distribution of load or im- 
pact and correspondingly decrease the 
unit foundation loading over places of 
demonstrated sub-grade weakness. 


Sewer Trenches.— Sewer trenches 
under city pavements, in the writer’s 
experience, seem to give little or no 
trouble with the use of black base if 
the sub-grade and upper part of the 
sewer back-fill are thoroughly rolled 
and uniformly compacted. In rolling 
sewer or other trenches, where prac- 
tical, an effort should be made to have 
one rear wheel follow down the old 
trench line, experience indicates that 
paticularly in narrow sewer trenches 
the arching effect, if the upper foot or 
more of back-fill is thoroughly com- 
pacted, furnishes surprisingly good sub- 
grade support. This statement is not 
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to be taken as a license to omit the 
tamping of back-fill in sewer trenches 
but rather to indicate that surprising 
strength of sub-grade is developed in 
spite of adverse conditions. 

With further reference to the mat- 
ter of sewers in city streets, it is the 
writer’s opinion, that by reason of more 
or less infiltration of ground water into 
these sewers, the ground water level 
under pavements over sewer lines is 
in many places considerably lowered. 
This is particularly true in low places 
in streets where sewers are nearly al- 
ways present and where the need for 
this unintentional element of drainage 
is usually greatest. This lowering of 
the ground water level greatly improves 
sub-grade conditions. With the arch- 
ing effect at least in the upper part 
of the sewer trench, with the added im- 
provement of drainage by infiltration 
into the sewer below and the still fur- 
ther aid of a water-proof black base 
roof above, little trouble need be ex- 
pected from sewer trenches. 

Water Trenches.—In the city street 
work, however, the matter of leaky 
water mains and service connections 
should be given particular attention. 
This past summer the writer was en- 
gineer on some 5 or 6 miles of black 
base work in a small town where the 
sub-grade consisted of dense, tight, al- 
most impervious shale. The water 
mains had been laid entirely too shal- 
low. A casual examination of the sur- 
face of the uncompacted sub-grade 
showed that at least one-third of the 
joints in these water mains were leak- 
ing. Some joints were leaking to an 
extent which would endanger any kind 
of a base on a sub-grade of shale which 
we know but a short time ago, geolog- 
ically speaking, was simply mud and 
ooze. When rolling began, wet, quak- 
ing mud holes developed at intervals 
of 12 ft. or multiples of 12 ft. over 
these leaky joints. 

In this case, the policy was adopted 
of first caulking the worst leaks in 
order to dry tp the mud holes suffi- 
ciently to permit thorough rolling of 
the sub-grade and the back-fill in these 
water trenches. It was thought that 
this rolling and any consequent move- 
ment of the back-fill and water pipe, 
would develop all the leaks in the 
water mains that would ever give 
trouble. After this rolling, each bell 
hole was opened and the joint inspected. 
It was found that practically every 
joint was leaking to some extent. The 
lead joints were then recaulked until 
the leaks were stopped and the back- 
fill rammed into place. By this means, 
only two joints on the entire job gave 
any subsequent trouble. 

Examples of Bad Sub-grade.—After 
all, the surprising thing about sub- 
grades for black base construction are 
the examples of the successful use of 
black base on sub-grades ordinarily 
considered as being not well adapted 
for this type of pavement. Take, for 
example, the Great Coastal Highway 
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in South Carolina and Georgia. Here 
much of the sub-grade is fine sand with 
a considerable amount of finely divided 
decomposed vegetable matter. Of the 
70 miles of black base construction on 
this highway thus far, over the better 
portion of the sub-grade a 4%-in. 
course of black base is laid with 1%-in. 
sheet asphalt surface, while in the 
worst sections a 3-in. course of black 
base with a 1%-in. sheet asphalt sur- 
face is laid on 5 in. of clay-filled gravel. 
In other sections, an original graveled 
roadway is salvaged to excellent ad- 
vantage by applying a 3-in. black base 
to the old graveled way and using a 
1%-in. sheet asphalt top. 





C. N. Conner, Chief Engineer 
American Road Build- 


ers’ Association 
The American Road Builders’ Asso- 
ciation announces that C. N. Conner, of 
the Highway Research Board, has been 
retained as chief engineer of the asso- 
ciation. 


Cc. N. Conner, Chief Engineer, American Road 
Builders’ Association 


Mr. Conner has had wide experience 
as a road builder and exceptional ex- 


perience as a committee worker. He 
has recently been chairman of the com- 
mittee on Low Cost Improved Roads, 
operating under the Highway Research 
Board. Mr. Conner was graduated 
from Tufts College in 1908. For three 
years he worked as engineer in rail- 
road construction, and later was assist- 
ant engineer with the Bureau of Public 
Roads in the Philippine Islands. His 
next position was assistant engineer 
with the War Department and then with 
the Navy Department. He then be- 
came assistant engineer with the Dela- 
ware State Highway Department, and 
after that was State Construction Engi- 
neer for the North Carolina Highway 
Commission, where he was also head of 
the testing and research laboratory for 
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a brief period. During 1925 and 1926 
Mr. Conner was chief engineer of the 
Mexican Federa] Highway Commission. 
He is a member of several technical 
organizations and author of many 
articles which have appeared in techni- 
cal publications. 

Mr. Conner’s work for the present 
will consist of co-ordinating the activi- 
ties of the committees of the several 
divisions and arranging for the com- 
mittee reports which will constitute the 
program of the next convention. The 
County Highway Officials’ Divison, the 
Highway Contractors’ Division and the 
City Officials’ Division will operate 
through committees and their reports 
form the basis of the program for the 
next convention. 

The American Road Builders’ Asso- 
ication will organize in addition to its 
present committees several committees 
that will deal with problems of na- 
tional interest. The program for the 
1929 convention of the association will 
consist essentially of reports of the 
chairmen of the various standards com- 
mittees. These reports will represent 
the work of the committees during the 
entire year, and every effort will be 
made to present them in a manner that 
is clear, interesting and concise. 

The retaining of Mr. Conner as chief 
enigneer of the association marks an- 
other step in the development and use- 
fulness of the association. 





How to Prevent Cracks in 
Asphalt Pavements 


Useful suggestions on raking and 
tamping at joints of asphalt pavements 
are given in a letter to J. E. Penny- 
backer, secretary and general manager, 
The Asphalt Association, by Jesse Hen- 
derson, an employee of the municipal 
asphalt plant of Cleveland, O. Through 
the courtesy of Mr. Pennybacker we are 


able to reprint his letter as follows: 

“I believe I know what are the causes and 
where to lay the blame, in cracks that appear in 
asphalt pavements especially the joints. 

“As I have been an asphalt raker for over 
18 years, quite naturally I’ve noticed this before. 
But for the past three years, by working for the 
Municipal asphalt plant at Cleveland, has given 
me the chance to experiment and test out my 
theory. 

“You know practically all cracks, even if they 
don’t extend across the joint, will start from the 
joint. Some of the causes are varied, such as 
merely painting and overlapping of joints, other 
than sheet asphalt. “But the main causes are 
in the raking and tamping. 

“A raker should pack his joint with his rake 
and comb it thoroughly, and have his tamper 
tamp it properly and soundly, ‘to compact it,’ 
and seal his joint with the tamper, then the 
smoother should finish, ‘although not needed,’ 
burning or grafting hot and cold joints together. 

“As it is a raker usually combs his stuff on 
top, leaving that next to the base, just like it 
was shoveled making it look alright on top, but 
the trouble is underneath and can’t be seen 
until cracks appear. They will work down or 
across the sheet underneath to a weak place 
on top, then the weather does the rest. And 
as for cracks straight across the joint, a tamper 
usually just tamps a few light licks, don’t seal 
his joint and a er comes along and fixes 
it up. Now all a smoother does when he does 
this is just merely bringing the asphalt cement 
out to shine, if he comes to a hole or a nest 
of honey combs he just smooths a little over. 
It makes it look alright for the present, but 
in a short while your joint is bound to open 
up, and then it will extend in all directions. 

“Also quite a few cracks can be laid to not 
properly rolling.” 
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Galion Announces Caterpillar 
Tractor Powered Grader 


One of the interesting features of 
the Road Show at Cleveland was the 
new Galion Heavy Duty Motor Grader 
with the Caterpillar 2-ton Tractor as 
the power unit. This new Motor Grader 
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by ease of operation and accessibility 
of controls but also by a sturdy shelter 
cab, with curtains when desired, and 
heavy fenders over tracks. 

The uses of this motor grader are 
almost unlimited. It is primarily used 
of course in road maintenance. It will 
level roads and restore grades very 
rapidly, itis said. It will also maintain 


The New Galion Motor Grader 


combines the power, dependability and 
positive traction of the Caterpillar 
with proven Galion Motor Grader 
frame, blade and operating parts, say 
the manufacturers. 

Cast steel brackets form the main 
attachment between grader and tractor 
while the attachment at front of trac- 
tor is by means of a spring-mounted 
yoke. Four clamps and a few control 
extensions removed, makes it possible 
to raise the grader frame and remove 
the tractor for separate use. Assembly 
is equally simple. The Motor Grader 
parts include many Galion develop- 
ments one of which is the new firm- 
balance front block which, while permit- 
ting all necessary freedom of motion 
for the front axle on uneven ground, 
removes all swinging of the frame on 
the front axle mounting, which tends to 
cause uneven blade action. Machine- 
cut E-Z lift gearing operating in oil at 
the bottom of an oil tight gear case, 
sturdy lift springs, 40 inch lift wheels, 
extra curved mouldboard, in 8, 10, 12 
and 14 foot lengths, machine-cut worm 
for side shifting mouldboard, enclosed 
worm steering gear and many other 
proven features combine to make this a 
very satisfactory and easy operating 
motor grader. 

The field of this grader is extended 
and its usefulness increased by the 
three following practical attachments: 

The Scarifier that is controlled from 
the operator’s platform by machine-cut 
worm gearing operating in oil. 

The Snow Piow which is attached to 
the front end of the grader and oper- 
ates in connection with the blade to 
open a wide path through drifts and 
fairly deep snow. 

The Multiple Blade which is attached 
instead of the regular blade for cer- 
tain types of maintenance work. 

The comfort of the operator on this 
motor grader has been served not only 


berm at the sides of paved roads, peel 
sod at road-sides, and clean ditches, say 
the manufacturers. 


Contractors will find this grader very 
valuable in levelling subgrades, spread- 
ing and levelling road surfacing ma- 
terial, levelling fills and similar work, 
according to the manufacturers. In ad- 
dition to this the attachments are said 
to make this grader very satisfactory in 
maintaining surfaced roads, and in 
moving snow. A new bulletin describ- 
ing this grader will be mailed promptly 
on request to the Galion Iron Works 
& Mfg. Co., Galion, O. 





St. Louis to Spend $12,000,- 
000 on Paving and Sewers 


The Supreme Court ofthe State of 
Missouri, on March 17th, 1928, handed 
down a decision validatin® the amend- 
ments to the City Charter of St. Louis, 


Mo., and removing the injunction 
against municipal contracts which had 
been in effect since the late summer of 
1927. 


The decision of the Supreme Court 
held the amendments to the St. Louis 
Charter valid in every respect and all 
ordinances passed thereunder to be cor- 
rect, thus making it practicable for the 
banks to purchase special tax bills 
issued by the city under the new 
charter. 


The city’s program for 1928 involves 
the expected expenditure of nearly $12,- 
000,000 on sewers and paving alone. Of 
the paving work, nearly $2,000,000 are 
now under contract and about $5,500,- 
000 remain to be let, this work being 
divided in lettings scheduled weekly 
from this time forth. The first of the 
big lettings is set for April 24th, when 
bids will be received on asphalt and 
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asphaltic concrete pavements in an 
amount of nearly $500,000. 

The sewer work involving contracts 
for about $9,000,000 and probable ex- 
penditure of $4,500,000 during 1928 will 
also be the subject for receipt of bids 
during the spring and summer of this 
year. This program is over 50 per cent 
in excess of the greatest amount St. 
Louis has heretofore done. 





New Miami Power Winch 


The new Miami Power Winch, manu- 
factured for attachment to the Fordson 
tractor, equipped with the Hamilton 
transmission, is shown on this page. 
This device attaches to the power take 
off of the Fordson tractor equipped 
with the Hamilton transmission. This 
winch is said to be of sturdy, rigid con- 
struction and to be capable of standing 
up under hard service. Full provision 
is made for proper lubrication and for 
the various strains and stresses to 
which it is subjected. Machine cut 
gears operate in a bath of oil. Hard- ° 
ened and ground shafts run on roller 
bearings. The drum measures 8 in. in 
length by 4 in. in diameter, holding 135 
ft. of %-in. cable. Tlie speed of the 
drum is 60 ft. of cable per minute. . 
The drum will develop a straight draw- 
bar pull of 2,500 lb. safe load. The 
drum can be equipped with an over- 
running brake for holding the load for 
an indefinite period where this is re- 
quired. 

The Miami Power Winch was designed 
primarily for operating the Miami One- 
Man Power Scraper, but may also be 
used for operating the Miami Back 
Filler, and Model MF-3 Power Hoist 
Rear Dump Trailer. It may also be 
used for stretching wire, operating 
hoists, hay forks, etc., where a winch 
of this type is required. It is manufac- 
tured by the Miami Trailer-Scraper 
Co., Troy, Ohio. 








How the Power Winch Is Mounted on the Ford- 
son r 
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New Trade Literature 


The following catalogs and other publications 
have been received from the manufacturers 
whose names are mentioned. Contractors, en- 
gineers, and officials concerned may secure 
copies for their information upon request to the 
manufacturers by whom they have been pub- 
lished. 

Pneumatic Tools.—Chicago Pneumatic Tool 
Co., 6 E. 44th St., New York City, have pub- 
lished a new catalog of their pneumatic tools 
and accessories. This is a complete catalog and 
illustrates and gives data on balancers, busters, 
butts, chipping hammers, caulking hammers, 
chisels, clay diggers, demolition tools, grinders, 
hammers, hoists, riveters, rock drills, tampers, 
and other products. Ask for Catalog 661. 

Paving Brick.—National Paving Brick Manu- 
facturera Assn., 830 Engineers Bidg., Cleveland, 
Ohio, have issued an interesting booklet en- 
titled “Brick Pavements in the Making.” This 
publication is intended to show, by reviewing 
the processes of manufacturing and laying pav- 
ing brick, the advantages claimed for this type 
of paving. 

Tar.—The Barrett Company, 40 Rector Street, 
New York City, has issued a booklet “‘Tarvia for 
Road Construction, Repair and Maintenance,” 
citing the advantages claimed for the material 
and illustrating quite a few jobs. They have 
also issued a booklet “Maintaining Roads With 
Tarvia” that makes a good handbook on thie 
type of maintenance. 

Leaders.—George Haiss Manufacturing Co., 
Inc., 14lst St. on Canal Place and Park Ave., 
New York City, in an interesting bulletin re- 
cently issued, describe their Haiss 16 loader and 
such equipment aa their ewivel chute, precision 
hopper, and weighing hopper that can be sup- 
plied for use on the machine. Complete speci- 
fications are included. Ask for Catalog 328. 

Heavy Duty Trailera—Fruehauf Trailer Com- 
pany, Detroit, Mich., in a recently issued 
folder entitled “Heavy Hauls,” illustrate their 
line of heavy duty trailers that enable contrac- 
tors to transport heavy equipment from job to 
job at high speed, and to haul heavy machinery 
over roads and atreeta. These trailers are de 
signed for easy loading from side or rear and 
materially cut down the time required for mov- 
ing construction plant. 

Leaders, Shovels.—The Lessmann Loader Com- 
pany, Des Moines, Iowa, have issued a new cir- 
cular describing their high lift loader and low 
lift shovel. Besides giving a complete descrip- 
tion of these machines, with specifications, etc., 
the circular tells how contractors and others 
have reduced their costs and revolutionized their 
methods with the Lessmann Loader and shovel. 

Graders, etc.,—J. D. Adams & Co., Indian- 
apolis, Indiana, in their new Catalog No. 28, 
illustrate their line of adjustable leaning wheel 
graders and other grading outfit equipment. 
Full detaile are given, and the significance of 
various of their current patents is discussed 
by showing just what these patents mean in 
terms of reduced draft, closer work, easier op- 
eration, lessened wear, and so on. The informa- 
tion in this new catalog will be of interest to 
anyone interested in road grading and mainte- 
nance. 

Elevating Graders—Wagons.—J. D. Adams & 
Co., Indianapolis, who now hold sole selling 
rights in the United States and Canada on 
Stroud elevating graders and dump wagons, 
have issued a new catalog describing this equip- 
ment in detail and giving some interesting 
performance data. This well gotten up catalog 
will be of real interest to dirt movers. In writ- 
ing, ask for Catalog No. 28-S. 


Rollers.—The Austin-Western Road Machin 
Company, Chicago, has issued a new fold 
describing their worm drive rollers with ecari- 
fier attachment. Here are completely described 
the Autocrat, the Pup, the Bull Pup, and other 
three wheeled and tandem rollers manufactured 
by that concern. 

Leaning Wheel Griders.—The Austin-Western 
Road Machinery Co., 400 N. Michigan Ave., Chi- 
cago, in another new folder, describe their line 
of leaning wheel, telescoping axle, graders, of 
which they make several sizes. The circular 
dwells on the advantages claimed for these two 
features and gives specifications for the graders. 

Motorized Road Maintainers.—The Austin- 
Western Road Machinery Co., 400 N. Michigan 
Ave., Chicago, in a third new circular, tells 
about their line of motorized patrol equipment, 
Pa eath machine in detail and giving 
s 


Admixture for Concrete.—Celite Products Co., 
Calif., have 


on the use of Celite as an admixture in concrete 
and how additional strength is thus obtained by 
means of increased workability. The bulletin 

interesting data on this important 
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Industrial Notes 


J. S. Neibert, formerly Road Construction 
Engineer, Indiana State Highway Department, 
has been appointed District Engineer, Armco 
Culvert Mfre, Association, and will be in charge 
of association work in Illinois, Indiana, Michi- 
gan and Kentucky. Mr. Neibert’s earlier experi- 
ence included positions as Chief County Highway 
of Bexar County, Texas, and City 
In 1917 he joined 
A. E. F., seeing active service with the 
23rd Highway Engineers. Upon his return in 
1919 he joined the Indiana State Highway De- 
partment as Project Engi 
the position of Road b 
Since 1925 Mr. Neibert has been engaged in the 
contracting business. He is an associate mem- 
ber, A. S. C. E. Mr. Neibert will make his 
headquarters at Indianapolis and will extend 
Armco Engineering service to the states within 
hie district. 

The Hercules Motors Corporation in Canton, 
Ohio, report that on March 7 a frame auxiliary 
building adjoining their plant was destroyed by 
fire. The loss was minor, and operations in the 
main building, which is of modern fire-proof 
construction, have not been interrupted nor has 
production been retarded. The many users of 
Hercules Engines and personal friends of the 
Hercules organization will be pleased to know 
that there was no serious loss. 

The T. L. Smith Company of Milwaukee, 
builders of Smith Mixers and Pavers, announce 
the appointment of the Service Supply Corpora- 
tion of Philadelphia as their distributors for 
eastern Pennsylvania, so New Jersey and 
northern Delaware. This organization has been 
prominently known in this field for some time 
and resident salesmen throughout their territory 
give them particularly close contact with the 
construction industry. A complete stock of mix- 
ers and repairs for both mixers and pavers 
place this organization in a position to render 
immediate sales and repair service. 

Barber-Greene Company has recently estab- 
lished a new branch office in Cincinnati, Ohio. 
This branch is to be under the supervision of 
Mr. Paul Frederick, District Manager. Mr. 
Frederick has been with the Barber-Greene 
Company for nine years and comes to Cincinnati 
from the Barber-Greene office in Detroit where 
he had several years of experience as a Sales 
Engineer. The Cincinnati Barber-Greene office 
has the address. 

The Kalman Steel Company has opened a 
branch office in Houston, Texas, under the 
charge of Mr. H. W. Goodman. Mr. Goodman 
has been transferred from the Detroit office of 
the Kalman Steel Company, and has been identi- 
fied with the building industry for some years. 
The office will cover the states of Texas and 
Louisiana with headquarters at 938 Bankers 
Mortgage Building in Houston. 

Joseph B. Shaw, who was formerly Deputy 
City Engineer of Utica, has appointed 
District Engineer of the Eastern Paving Brick 
Manufacturers Association with headquarters 
at Utica, New York. Mr. Shaw is a graduate 
of Union College, and has had wide experience 
in engineering work, having been connected with 
the State Highway Department of New York 
and the City Engineering Department of 
Schenectady, and during the war was on the 
Technical Staff of the War Department, and 
later with the Bureau of Standards. 

The Perfex Corporation, of Milwaukee, Wis, 
builders of heavy duty industrial engine radi- 
ators, announce the opening of a Cleveland 
office in the Leader Building. Mr. A. C. Owen, 
formerly located at New York, will be in charge 
of this office, taking over all the Ohio territory 
in addition to the Eastern estates which he 


formerly 

m, Inc., has opened new branch offices 
at 220 East Street, Tulea, Okla., 75 
Fremont San Francisco, Calif., and 192 
Boylston Street, Boston, Mass., in order .to 
facilitate the handling of the ever increasing 

demand for Schramm compressors. 
Pittsburgh Office of the American Hoist 
and Derrick Company will be moved from 1423 
604 Chamber of 


office of the Company. Mr. Post has been wi 
the Company for several years, 
time he has been active in sales 
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tion for the date shown in the above caption, 
required by the Act of August 24, 1912, em- 
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1. That the names and addresses of the pub- 
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2. That the owner is: (If owned by a cor- 
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per cent or more of total amount of stock. If 
not owned by a corporation, the names and 
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given. If owned by a firm, company, or other 
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must be given.) 

Gillette Publishing Co., 221 E. 20th St., Chi- 
cago, Ill. 

H. P. Gillette, 221 E. 20th St., Chicago, Ill. 

E. S. Gillette, 221 E. 20th St., Chicago, Ill. 
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1 per cent or more of total amount of bonds, 
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are none, so state). None, 


4. That the two paragraphs next above, giving 
the names of the owners, stockholders, and 
security holders, if any, contain not only the list 
of stockholders and security holders as they ap- 
pear upon the books of the company but also, 
in cases where the stockholder or security holder 
eppears upon the books of the company as 
trustee or in any other fiduciary relation, the 
name of the person or corporation for whom 
such trustee is acting, is given; also that the 
said two paragraphs contain statements embrac- 
ing affiant’s full knowledge and belief as to the 
circumstances and conditions under which stock- 
holders and security holders who do not appear 
upon the books of the company as trustees, 
hold stock and securities in a capacity other 
than that of a bona fide owner; and this affiant 
has no reason to believe that any other person, 
association, or corporation has any interest di- 
rect or indirect in the said stock, bonds, or other 
securities than as so stated by him. 
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issue of this publication sold or distributed, 
through the mails or otherwise, to paid sub- 
scribers during the six months preceding the 
date shown above is. 

(This information is required from daily pub- 
lications only.) 





Sworn to and subscribed before me this 26 
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(Seal). KITTIE C. WOULFE. 
(My commission expires Feb. 9th 1980.) 
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